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Seadyn90  Modeling: 
Three  Point  Mooring  Of  FLIP 
With  Three  Arrays 


Gregory  W.  Beers 
Marine  Physical  Laboratory 
August  23, 1991 


Abstract: 


This  is  a  computer  model  of  the  R/P  FLIP  in  a  three  point  mooring 
with  hydrophone  arrays  attached  to  her  submerged  stem.  Seadyn90  is  a 
Fortran77  program  from  the  Naval  Civil  Engineering  Laboratory  in  Port 
Hueneme,  California.  It  is  used  to  model  this  problem  with  no  arrays,  and 
then  to  introduce  three  different  array  scenarios.  This  document  is  aimed  at 
helping  to  modify  the  examples  provided,  and  to  help  introduce  the  Seadyn90 
program.  The  work  present  was  done  under  Dr.  Frederick  H.  Fisher,  the 
Deputy  Director  of  the  Marine  Physical  Laboratory.  This  document  contains 
seven  chapters: 


la)  General  Overview  of  Seadyn90  For  Moorings  And  Arrays 

b)  How  To  Run  Seadyn90 

c)  Seadyn  Uses  For  Matlab  And  Program  Filter 

d)  FLIP  Mooring  And  Array  Report 

e)  Figures 

2)  Example  One,  No  Arrays 

3)  Example  Two,  Neutrally  Buoyant  Arrays 

4)  Example  Three,  Weighted  Arrays 

5)  Comparison:  Neutrally  Buoyant  Array  vs  Weighted  Array 

6)  Example  Four,  15,000  ft  Depth,  Weighted  Array 

7)  Comparison:  12,000  ft  Depth  vs  15,000  ft  Depth,  Weighted  Array 
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General  Overview  of  Seadyn90 
For  Moorings  and  Arrays 

The  purpose  of  this  report  is  to  generally  convey  some  of  the  principles  of 
the  Seadyn90  program  that  deal  with  modeling  moorings  and  hydrophone  arrays. 
The  program  is  very  diverse  and  nothing  can  be  attempted  without  an  NCEL 
Technical  Note  Seadyn90  User's  Manual.  The  report  deals  with  some  of  the 
important  aspects  of  the  User's  Guide  along  with  some  of  Seadyn's  general  rules. 
Seadyn  has  a  very  broad  application  spectrum,  however  this  report  only  deals  with 
the  aspects  of  Seadyn90  that  are  applicable  to  modeling  the  moorings  and  arrays. 
The  details  of  the  FLIP  problem  are  in  the  FLIP  Mooring  And  Array  report.  Mr. 
Paul  Palo  at  NCEL  in  Port  Hueneme  California  is  our  contact  and  coauthor  of  the 
User’s  Manual. 

Parts  of  the  manual  must  be  read  before  any  attempt  to  run  the  program  can 
be  made.  The  very  first  thing  to  do  is  to  look  at  the  contents  because  in  chapter  6.0, 
PROBLEM  DEFINITION  DATA,  and  chapter  7.0,  SUBANALYSIS  OPTION 
(SAO)  DATA,  the  orders  of  the  input  cards  are  listed.  This  order  does  not  matter 
in  the  actual  program  input,  but  because  each  card  is  simply  a  list  of  numbers  and 
commas,  a  description  is  necessary  when  writing  the  cards.  Constant  reference  of 
the  card  descriptions  is  necessary  when  writing  input.  Before  learning  about  these 
cards  however,  are  must  learn  about  the  program.  Read  chapters  one  and  two 
thoroughly.  Chapter  3.1  should  also  be  read  in  full.  The  rest  of  three  and  four  can 
be  skimmed,  but  chapter  five  is  essential.  That  is  where  the  parameters  for  the 
input  are  laid  out.  Chapters  six  and  seven  are  key  to  manipulating  the  program,  but 
they  cannot  be  read  like  the  other  chapters.  It  is  best  to  get  a  general  feel  for  them; 
then  work  them  to  understand  how  they  can  be  used.  There  are  so  many  notes  for 
each  card  that  they  must  actually  be  used  to  fully  understand  how  they  work.  Not 
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all  of  the  input  cards  are  used  for  any  single  problem.  If  no  sample  input  is 
available,  it  is  best  to  go  down  the  list  of  input  cards  and  read  what  they  do, 
checking  the  ones  that  are  applicable  to  the  problem.  It  is  best,  however,  to  have  a 
general  sample  from  which  to  work.  Then  simply  use  the  same  cards  as  are  in  it, 
and  manipulate  them  to  fit  the  problem.  The  four  samples  in  the  back  of  the  User’s 
Manual  can  be  used  for  this  type  of  sample  input,  but  they  should  not  be  attempted 
as  problems.  They  do  not  work.  Do  not  use  the  sample  problems  as  problems,  our 
version  of  Seadyn90  does  not  work  with  them!  Chapters  nine  and  ten  should  be 
referenced  when  they  are  needed.  Nine  is  more  or  less  troubleshooting  and  ten  is 
the  appendixes. 

The  key  to  using  Seadyn90  is  reading  the  data.  There  will  almost  never  be  a 
case  where  Seadyn  completes  an  initial  problem  without  errors.  The  error  is 
always  in  the  input,  but  inversely,  the  place  to  find  it  is  in  the  output.  In  some  cases 
Seadyn  will  give  a  diagnostic  message.  If  this  is  the  case,  the  message  will  be  found 
in  the  output  somewhere  near  the  error.  When  this  happens,  use  the  User’s  Guide  to 
try  to  interpret  the  diagnostic  message. 

In  most  cases  however,  there  will  be  no  message.  The  program  will  either 
fail,  produces  a  set  of  zeros,  or  a  ridiculous  data  set  If  this  is  the  case,  go  back 
through  the  output  starting  from  the  end.  Always  read  the  data  from  the  end  to  the 
beginning.  If  there  is  one  thing  that  Mr.  Palo  and  his  associates  stress,  it  is  that  the 
way  to  read  Seadyn  output  is  from  the  end  to  the  beginning.  This  way  when 
scrolling  back  through  the  output  it  becomes  apparent  where  the  problem  went 
astray.  There  are  several  parts  to  a  full  seadyn.out  file.  When  modeling  a  ship  in  a 
moor  for  instance,  it  first  does  so  with  no  current,  then  adds  the  current.  The  part 
with  no  current  is  called  the  DEAD  file,  the  part  with  the  current  is  called  the  LIVE 
file.  There  are  often  several  LIVE  files  (for  different  current  profiles),  but  there  is 
only  one  DEAD  file  per  problem.  A  good  practice  is  to  run  a  problem  without  the 


3 


current  first  to  see  that  the  DEAD  part  of  the  program  works.  This  should  be  done 
every  time  there  are  any  changes  in  the  problem.  Once  the  DEAD  works,  the  LIVE 
can  be  introduced  and  debugged  with  confidence  that  any  new  errors  lie  in  the 
LIVE  file. 

There  are  many  other  parts  to  the  output,  and  they  can  often  aid  in  solving 
errors.  Before  the  DEAD  is  a  NODE  POINT  SUMMARY  which  describes  in 
global  coordinates  where  the  nodes  were  actually  assigned.  Then  the  DEAD  adds 
gravity  to  the  nodes  and  elements.  There  is  also  the  ELEMENT  SUMMARY 
DATA  which  describes  what  nodes  arc  connected  to  produce  what  elements.  The 
material  code  number,  the  initial  tension,  and  the  residual  mass  arc  also  included  in 
the  report.  The  unstretched  lengths  and  initial  lengths  are  also  provided  here  as 
well.  The  unstretched  lengths  are  the  lengths  before  the  DEAD,  and  the  initial 
lengths  are  those  after  the  DEAD.  The  ADDITIONAL  ELEMENT  DATA 
contains  the  slopes  of  the  elements.  This  is  good  for  finding  angles  of  the  lines  or 
arrays  in  the  no  current  situation.  The  cosine  of  the  third  column  gives  the  angle  of 
the  element  to  the  vertical.  This  is  good  for  seeing  what  the  angle  is  that  the  line 
makes  with  the  ship.  The  rule  to  follow  is  the  "third  column  inverse  sine 
horizontal"  rule,  which  states  that  the  inverse  sine  of  the  third  column  of  the  slopes 
output  gives  the  angle  that  each  element  makes  with  the  horizontal.  This  means  that 
the  inverse  cosine  of  the  third  column  in  the  slopes  output  gives  the  angle  that  each 
element  makes  with  the  vertical.  These  outputs  help  to  analyze  the  angles  that  the 
mooring  lines  and  arrays  make  with  the  sea  floor,  and  with  FLIP.  It  is  imperative 
to  understand  that  all  of  this  data  before  the  DEAD  is  independent  of  the  current, 
even  when  a  LIVE  is  introduced.  In  fact  some  of  it  is  even  independent  of  the 
DEAD,  such  as  the  NODE  POINT  SUMMARY  and  the  unstretched  lengths  of  the 
elements.  All  of  the  data  before  the  DEAD  is  without  any  current! 
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This  outlines  the  fact  that  when  reading  the  data,  always  start  at  the  end, 
always,  and  use  all  of  the  output  to  try  to  find  the  errors.  More  often  than  not  the 
error  will  be  a  misplaced  comma  or  a  wrong  number,  but  is  impossible  to  tell  just 
by  looking  at  the  input.  Use  what  Seadyn  provides,  it  is  there  to  help. 

Some  of  the  things  that  Mr.  Palo  expressed  were  that  loads  must  be  slowly 
applied  (in  our  case  the  only  load  beside  gravity  is  the  current).  This  is  only 
applicable  to  files  such  as  DYN  that  are  not  used  in  mooring  models.  When  using 
these  however,  it  is  necessary  to  ramp  loads.  That  is,  start  at  a  quarter  knot,  go  to  a 
half,  three  quarters,  and  so  on.  With  the  LIVE  file  however,  this  is  not  necessary. 
Sometimes  the  load  in  a  LIVE  may  be  too  large  and  the  program  will  crash  or  give 
poor  readings,  but  ramping  will  not  help.  The  load  is  just  too  large  for  the  way  the 
problem  is  set  up. 

The  nodes  must  be  described  consecutively,  and  each  altitude  must  have  all 
the  nodes  in  that  altitude  recorded.  This  is  why  the  nodes  in  a  mooring  must  spiral 
around  from  altitude  to  altitude  as  was  done  in  the  FLIP  problem.  This  "spiralling" 
is  described  in  detail  in  the  FLIP  Mooring  and  Array  report. 

For  a  gentle  curve,  a  minimum  of  eight  elements  per  line  must  be  used.  Nine 
hundred  nodes  can  be  used,  but  only  one  hundred  and  eighty  can  be  used  safely. 
When  viewing  the  output  a  large  screen  is  needed  because  the  output  is  very  wide. 

If  using  Sunview,  "vi"  the  seadyn.out  file  in  a  window  the  width  of  the  screen.  For 
printing,  make  sure  the  printer  is  wide  enough  or  that  it  is  manipulated  to  fit  on  the 
page  with  imprint  -L,  or  something  comparable.  Every  LIMIT  input  card  requires 
a  LLOC  input  card,  and  similarly,  every  BODY  input  card  requires  a  BLOC  input 
card.  This  makes  sense  because  the  limits  and  bodies  need  to  be  described,  and  then 
they  need  to  be  placed.  The  tension  that  the  program  places  on  the  lines  is  felt  in  the 
elements,  not  the  nodes.  The  nodes  are  simply  points. 


5 


An  important  part  of  working  with  Seadyn  is  getting  the  problem  to  run,  and 
then  manipulating  it  to  have  all  of  the  parameters  required.  That  is  to  say  that  an 
initial  tension  must  be  input,  even  if  its  correct  value  is  not  known.  Every  element 
needs  to  be  described  in  the  TENS  input  card.  The  catenary  for  the  nodes  must  also 
have  an  initial  tension.  This  catenary  tension  is  the  pivotal  tension  because  in  most 
cases  the  TENS  card  will  simply  be  told  to  calculate  the  tensions  from  the  first 
element's  tension  in  each  mooring  leg.  Thus  the  initial  horizontal  tension  must  be  in 
the  NGEN  card  where  the  catenary  is  described,  and  the  vertical  tension  will  be 
calculated  from  the  weight  of  the  line.  To  get  all  of  this  to  work  and  give  results 
that  make  sense,  it  is  necessary  to  run  the  problem  over  and  over,  slightly  changing 
the  tensions  to  give  data  that  corresponds  closer  to  the  required  parameters  each 
time.  The  program  has  trouble  with  assigning  the  elements  lengths,  therefor  it  is 
necessary  to  play  with  the  tensions  and  anchor  points  to  get  the  line  at  the  required 
length  and  angle  from  the  ship.  This  principle  is  a  key  to  working  Seadyn.  Get  an 
answer,  and  then  manipulate  it  to  get  within  the  necessary  parameters! 

One  last  thing  to  always  do  before  running  Seadyn  is  remove  the  previous 
seadyn.out  file.  With  it  still  in  the  computer,  the  program  will  simply  overwrite  it 
with  the  new  one.  If  this  happens  some  of  the  old  data  might  show  through  and 
confuse  the  user.  One  thing  that  to  this  day  does  not  seem  to  work  quite  right  are 
word  nine  and  word  ten  in  the  MATE  input  card.  These  are  the  tensions  and  strains 
in  the  material,  and  they  take  the  form  of  the  modulous  of  elasticity.  It  does  not 
seem  to  work  quite  as  is  expected  however,  so  if  some  errors  in  element  length  or 
tension  are  encountered,  this  is  a  good  place  to  start  looking. 
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How  To  Run  Seadyn90 


For  Sun: 

The  Seadyn90  program  is  on  magnetic  tape.  There  is  a  reader  in  building  4. 
Set  up  a  separate  file  for  it,  and  simply  type  "doall".  This  is  an  executable  and  will 
compile  the  program.  The  program  is  written  in  Fortran77,  the  "doall"  command 
executes  all  of  the  f77  commands  needed. 

For  Other  Systems: 

The  Seadyn90  program  is  on  magnetic  tape.  Read  it  into  the  system  and  set  it 
up  under  its  own  file.  The  program  is  written  in  Fortran77  and  thus  must  be 
compiled  on  the  system  in  order  to  run.  When  compiling,  compile  and  link  all  of 
these  ”.f'  files  in  this  order:  seamain.f  seadynO.f  seadynl.f  seadyn2.f  seadyn3.f 
seadyn4.f  seadyn5.f  seadyn6.f  seadyn7.f  seadyn8.f. 

To  execute  the  program,  first  remove  any  seadyn.in  or  seadyn.out  files.  The 
active  input  file  must  be  called  seadyn.in.  This  is  what  the  computer  looks  for  from 
the  user.  The  seadyn.out  file  is  the  file  that  contains  all  of  the  output.  As  stated  in 
other  parts  of  this  report,  always  be  sure  to  remove  the  seadyn.out  file  before 
running  the  program.  If  a  seadyn.out  file  already  exists  the  program  will  simply 
write  over  the  existing  one,  and  all  of  the  data  will  become  entangled.  Now  write 
the  input  file,  seadyn.in,  and  execute  the  program  using  the  executable.  For 
instance,  on  the  Sun,  the  default  executable  is  "a.out". 

When  executing  a  mooring  and/or  array  problem,  the  program  should  run 
for  no  more  than  two  minutes  on  a  Sun  4/490.  If  it  takes  longer,  then  something  is 
wrong.  Most  mooring  problems  will  take  seconds  if  input  properly,  but  some  may 
take  a  while  if  there  are  several  LIVE  files  and  many  elements.  When  the  program 
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is  done,  go  to  the  end  of  the  seadyn.out  file  (always  go  straight  to  the  end  of  the 
output  file)  and  make  sure  that  it  says: 

NORMAL  TERMINATION  OF  SEADYN 
If  it  does,  then  all  is  well.  If  not,  then  start  with  the  troubleshooting  procedures 
from  the  end  to  the  beginning.  If  all  is  well,  proceed  to  "filter"  or  a  comparable 
filtering  program  to  taper  the  seadyn.out  file  to  a  matrix  that  can  be  read  by 
Matlab.  Enter  Matlab  with  this  matrix  and  manipulate  it  within  Matlab  to  graph  the 
different  legs  and  arrays. 

If  the  program  is  being  run  on  a  Sun,  then  these  three  commands  should  have 
aliases: 

rm  seadyn.out 
vi  seadyn.out 
vi  seadyn.in. 

These  three  commands  will  be  used  over  and  over  again  each  time  the  program  is 
run.  Whatever  computer  is  being  used,  it  is  suggested  that  these  three  commands 
for  removing  seadyn.out,  editing  seadyn.out,  and  editing  seadyn.in  be  shortened. 


Seadyn  Uses  For  Matlab 
And  Program  Filter 


The  Matlab  program  called  "Pro  Matlab"  is  essential  for  analyzing  Seadyn 
output.  The  program  is  streamlined  for  matrixes,  and  the  Seadyn  output  file  is  a 
series  of  matnxes  with  extra  garbage  tacked  onto  them.  The  main  use  of  Matlab  for 
Seadyn  users  is  to  graph  the  data.  Seadyn  provides  the  global  coordinates  of  the 
nodes  in  each  DEAD  and  LIVE  output  file.  These  nodal  points  can  be  graphed  by 
Matlab  to  give  the  orthogonal  views  of  the  mooring  legs  and  arrays,  as  well  as  a 
plan  view  of  the  system.  There  may  also  be  a  way  to  get  a  three  dimensional  view. 

To  get  to  the  Matlab  stage  of  the  graphing  procedure,  the  Seadyn  output  file 
must  first  be  filtered  down  to  a  matrix  or  matrixes  that  can  be  read  by  Matlab. 

There  is  a  very  simple  program  included  in  this  report  that  does  this.  It  is  aptly 
named  "Filter",  and  a  listing  of  it  can  be  found  in  figure  four.  This  program  is  too 
simple  because  it  is  rough  and  only  allows  one  DEAD  or  LIVE  file  to  be  filtered 
per  ran.  It  is  written  in  Fortran77.  It  would  be  much  more  advantageous  to  have 
the  program  written  in  the  Matlab  language,  which  is  more  or  less  Basic,  so  that 
every  time  something  needed  to  be  filtered,  the  Matlab  program  would  not  need  to 
be  exited.  When  using  "Filter",  every  time  a  new  piece  of  data  needs  to  be  analyzed, 
Matlab  must  be  exited  to  run  it. 

Although  it  is  rough,  "Filter"  does  do  a  good  job.  After  executing  it,  a  small 
title  appears  and  asks  if  the  file  to  be  filtered  is  a  DEAD  or  a  LIVE  file.  Enter  a  "d" 
or  an  "1"  and  it  will  filter  the  file.  When  it  is  done  it  will  give  an  error  message 
signalling  the  end  of  the  requested  file.  If  the  file  was  a  DEAD  file,  the  new  output 
file  will  be  "dead.dat".  If  the  file  was  a  LIVE  file,  the  new  output  file  will  be 
"live.dat".  These  files  are  matrixes  that  are  three  by  however  many  nodes.  They 
must  then  be  remote  copied  to  the  directory  that  houses  Matlab.  This  could  be  on 
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the  same  computer,  but  if  using  a  network,  make  sure  that  Matlab  is  in  a  directory 
that  is  on  the  local  station.  The  graphs  will  only  show  up  on  a  local  computer,  no 
remote  logins  can  be  employed.  When  the  "dead.dat”  and  "live.dat"  are  copied, 
Matlab  can  be  run. 

Once  in  Matlab,  the  "dead.dat”  and  "live.dat"  files  must  be  loaded.  This  is 
done  by  the  commands,  "load  dead.dat"  and  "load  live.dat".  With  the  matrixes 
loaded,  they  can  be  referred  to  as  "dead"  and  "live",  and  the  data  manipulation  can 
begin.  The  big  ideas  to  understand  in  data  manipulation  are  skipping  and  finding 
the  hypothenuse.  The  skipping  concept  is  due  to  "spiralling".  This  Seadyn  quirk 
places  the  nodal  points  for  each  leg  six  nodes  apart  for  the  data  that  in  includes  the 
arrays,  and  three  nodes  apart  for  the  naked  mooring  data  (example  one).  The  way 
to  break  up  the  data  is  to  make  an  array  (a  mathematical  array,  not  a  hydrophone 
array)  for  each  mooring  and  array  leg  altitude.  To  do  this,  take  the  "z"  coordinate 
from  the  third  column  of  the  data,  and  skip  the  correct  number  of  nodes  between 
readings.  This  will  give  six  arrays,  one  for  each  mooring  leg  altitude,  and  one  for 
each  array  leg  altitude.  The  next  step  is  to  make  a  mathematical  array  for  each 
excursion  from  the  origin.  To  do  this  find  a  variable  "r"  that  is  the  hypotenuse  of 
the  "x"  and  "y"  coordinated  of  each  node.  The  "x"  coordinate  is  the  first  column  of 
the  data,  and  the  "y"  coordinate  is  the  second  column.  Make  the  "x"  and  "y" 
columns  mathematical  arrays,  square  them,  multiply  them,  and  take  the  square 
root.  This  product  is  an  array  with  the  value  of  "r"  for  each  node.  Matlab  can  do 
all  of  these  mathematical  array  functions,  that  is  why  it  is  essential  in  analyzing 
Seadyn  output.  With  the  "r"  array  complete,  use  the  proper  skipping  number  to 
break  it  up  into  different  mathematical  arrays  that  correspond  to  the  "z"  arrays. 
Now  to  graph  one  leg  of  the  problem,  simply  graph  one  of  the  "r"  array  with  its 
corresponding  "z"  array. 
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To  get  a  plan  view  of  the  system,  plot  the  complete  "x"  array  with  the 
complete  "y"  array,  but  make  sure  to  do  it  with  points  and  not  lines.  When  Matlab 
tries  to  plot  this  with  lines,  it  makes  a  crazy  pattern.  The  orthogonal  views  of  the 
array  legs  can  be  plotted  with  lines  however.  When  the  LIVE  data  is  manipulated, 
there  are  a  few  catches  to  watch  out  for.  The  current  must  be  running  along  an  axis 
in  the  plan  view,  and  then  some  of  the  node's  coordinates  along  this  axis  will  be 
pushed  past  the  origin.  An  example  of  this  is  the  upstream  array  in  examples  two, 
three,  and  four.  This  array,  and  the  two  upstream  mooring  legs,  start  in  positive 
"x"  space,  and  end  at  FLIP  which  is  in  ”-x"  space.  This  means  that  when  squaring 
the  "x"  coordinates,  the  ones  that  are  on  the  wrong  side  of  the  origin  will  have 
incorrect  values.  They  will  be  numerically  correct,  but  the  negative  of  what  they 
should  be.  This  can  be  corrected  manually,  or  there  can  be  separate  manipulating 
programs  for  different  current  directions.  Writing  manipulation  programs  seems 
to  be  the  most  economical  route  to  take. 

These  data  analysis  procedures  are  not  set  in  stone.  They  are  not  as 
economical  as  they  could  be,  but  they  are  on  the  right  track.  Use  the  "Filter" 
program  as  a  guide  for  a  way  to  taper  th  ^ata,  but  it  would  be  advisable  to  expand 
on  it  so  that  it  could  handle  several  files  u  once.  If  possible,  incorporate  it  in  a 
Matlab  program.  For  the  manipulation,  it  would  also  be  advisable  to  have  a  series 
of  small  programs  that  do  what  is  required.  It  is  time  consuming  to  set  up  each 
graph  individually.  Matlab  does  a  nice,  clean  job  of  Seadyn  data  analysis  if  done 
properly. 
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FLIP  Mooring  And  Array  Report 


This  is  a  detailed  report  on  the  methods  involved  in  modeling  the  spar  buoy 
FLIP  in  her  three  legged  mooring  with  three  Difar  arrays.  While  reading  this  it 
would  be  a  good  idea  to  follow  along  with  any  of  the  $eadyn.in  examples  provided, 
this  will  help  illustrate  what  is  being  discussed.  The  first  part  of  the  report 
describes  the  modeling  of  FLIP  in  her  moorings  alone.  Then  the  arrays  are 
introduced  and  the  rest  of  the  report  describes  several  methods  of  solving  this 
problem.  The  parameters  of  the  problems  will  be  illustrated,  followed  by  the 
methods  for  solving  them.  The  most  important  of  these  methods  is  called 
"spiraling",  and  will  be  described  in  grave  detail.  This  concept  is  the  keystone  for 
modeling  moorings  (and  arrays)  with  Seadyn. 

The  parameters  of  the  problem  vary  from  trial  to  trial.  The  first  example 
output,  sea.9.out,  has  different  parameters  than  the  other  three  outputs.  These 
differences  will  be  outlined  in  the  explanation  of  each  output.  The  general  idea 
however,  is  to  model  FLIP  in  twelve  to  fifteen  thousand  feet  of  water  with  three 
mooring  lines  and  three  Difar  arrays.  FLIP  is  a  spar  buoy  as  shown  in  figures  la 
and  lb.  She  is  shaped  like  a  coke  bottle  with  an  average  diameter  of  17.4  ft  and  a 
300  ft  length.  Her  stem  is  300  feet  below  the  surface  of  the  water  and  this  is  where 
the  arrays  are  attached  120  degrees  out  of  phase  of  each  other.  The  mooring  lines 
are  attached  to  the  water  line  120  degrees  out  of  phase  of  one  another  and  60 
degrees  out  of  phase  of  the  arrays.  This  is  depicted  in  figures  2a  and  2b. 

The  mooring  lines  are  1  and  1/2  inch  diameter,  2  in  1  nylon,  100%  double 
braid,  with  an  official  breaking  strength  of  66,300  lbs.  Our  lines  are  reinforced 
however,  and  have  a  breaking  strength  closer  to  80,000  lbs.  There  specific  gravity 
is  1.14  which  translates  to  0.1068  lbs/ft  because  it  is  calibrated  in  fresh  water.  The 
mooring  lines  are  about  20,000  feet  long  in  12,000  feet  of  water.  The  anchors  are 
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750  lbs  Danforth  Anchors  with  400  feet  of  chain  weighing  approximately  20,000 
lbs.  The  arrays  in  are  about  22,000  feet  long  in  12,000  feet  of  water.  The  first 

7.500  feet  of  each  array  is  the  same  2  in  1  nylon  as  in  the  mooring  lines.  The  rest  of 
the  array  is  made  up  of  1,500  m  (5,000  feet  approx.)  modules  with  a  1  and  1/2  inch 
diameter,  and  a  weight  of  0.200  lbs/ft.  There  are  3  modules  used  in  12,000  feet  of 
water.  The  most  accurate  readings  were  found  with  the  anchor  excursion  being 
17,000  feet  in  12,000  feet  of  water,  and  the  scope  for  the  mooring  lines  at  1.66, 
which  is  close  to  the  estimated  scope  of  1.5.  The  anchor  excursion  for  the  arrays  is 

17.500  feet,  and  the  scope  is  1.87.  All  of  these  parameters  are  products  of  each 
other.  That  is  the  way  Seadyn  must  be  used,  all  of  parameters  are  dependent  on  one 
another,  and  thus  they  must  be  manipulated  to  produce  correct  results.  Thus  some 
of  these  inputs,  such  as  the  anchor  excursions  and  scope,  are  not  set  in  stone,  they 
are  the  product  of  the  inputs  that  gave  the  best  results.  If  some  new  data  were  to 
come  in  that  better  described  a  parameter,  then  it  should  be  corrected.  These  are  all 
very  accurate  trials  and  seem  quite  close  to  what  is  happening  in  the  real  world. 

This  is  a  general  description  of  the  methods  for  solving  mooring  and  array 
problems  with  Seadyn.  A  detailed  description  is  included  in  the  reports  on  each 
sample  output.  The  first  thing  to  do  is  draft  an  approximation  of  the  excursions  and 
scopes.  Then  decide  on  anchor  points,  one  should  always  be  in  line  with  the 
current.  In  this  case  the  current  runs  along  the  x  axis,  thus  the  number  one  mooring 
leg  is  in  the  x/z  plane.  When  the  arrays  were  introduced,  the  Beta  array  is  180 
degrees  out  of  phase  of  the  number  one  mooring  leg,  so  it  also  lies  in  the  x/z  plane. 
The  other  anchor  points  must  be  calculated  and  described  in  the  x/y  plane.  The  x/y 
plane  describes  the  horizontal,  and  the  z  coordinate  is  the  altitude.  FLIP  should  be 
placed  at  (0,0,0)  in  a  no  current  situation.  Thus  when  describing  the  anchors,  the 
depth  must  be  included  as  a  negative  number.  It  is  good  to  have  the  current  along 
the  x  axis,  because  then  if  the  system  is  symmetrical,  all  excursions  of  FLIP  will  be 


13 


along  the  "x"  axis  as  well.  This  makes  the  excursions  easy  to  calculate.  The  rest  of 
the  system  must  be  described  using  the  "spiraling"  method. 

The  "spiralling"  method  is  used  because  Seadyn  cannot  calculate  one  mooring 
leg  array  at  a  time.  All  forces  on  each  leg  or  array  depend  on  the  forces  acting  on 
the  others.  Thus  Seadyn  must  work  its  way  up  the  system  starting  at  the  sea  floor. 
The  first  nodes  described  must  be  the  anchors.  If  arrays  are  involved,  their  anchors 
must  be  described  with  the  mooring  leg  anchors.  This  means  that  the  first  node  in  a 
mooring  and  array  model  is  the  mooring  leg  1  anchor.  The  next  is  the  Alpha  array 
anchor,  then  the  mooring  leg  2  anchor,  then  the  Beta  array  anchor,  then  the 
mooring  leg  3  anchor,  and  finally  the  Gamma  array  anchor.  Now  the  first  six 
nodes  are  the  anchors  described  in  a  clockwise  manner.  The  next  node  to  be 
described  is  the  next  node  on  mooring  leg  1,  then  the  next  node  on  the  Alpha  array, 
then  the  next  node  on  mooring  leg  2,  and  so  on  spiralling  clockwise  up  to  the  last 
node  in  each  mooring  leg  and  array.  The  final  two  nodes  must  be  the  water  line  and 
stem  of  FLIP.  They  must  be  described  in  that  order,  the  water  line  must  be  first. 
The  program  crashes  if  the  order  is  reversed. 

The  description  of  the  nodes  is  important,  if  one  comma  is  misplaced  the 
whole  symmetry  of  the  problem  will  be  thrown  off.  The  anchor  nodes  and  the 
FLIP  nodes  must  be  described  in  the  NODE  card  using  global  coordinates.  The 
anchors  should  be  fixed  in  all  three  directions  using  the  fixity  code  "3"  in  words  six, 
seven,  and  eight  of  the  NODE  card.  The  water  line  of  FLIP  should  also  be  fixed  in 
the  "z"  direction  by  word  eight  of  the  NODE  card,  or  by  a  FIX  command  in  the 
DEAD  card.  The  rest  of  the  nodes  are  described  in  the  NGEN  card.  There  should 
be  one  line  in  the  NGEN  card  for  each  mooring  leg  or  array  being  defined.  This 
card  is  also  where  the  weight  of  the  line  and  the  horizontal  component  of  the  tension 
must  be  recorded  for  calculating  the  catenary.  This  is  essential  to  the  shape  of  the 
lines  and  arrays.  Each  line  in  the  card  should  state  the  number  of  nodes  being 
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generated,  then  the  starting  node  (an  anchor  point),  and  then  the  ending  node 
(FLIP'S  water  line  for  the  mooring  legs  and  her  stem  for  the  arrays).  The  next 
word  in  the  card  is  the  node  numbering  increment  code.  If  there  are  three  mooring 
legs  and  three  arrays,  then  the  code  must  be  six.  The  rest  of  the  words  in  the  card 
are  important  as  well.  Use  the  User's  Guide  when  inputting  them.  Do  not  forget 
the  weight  (lbs/ft)  and  the  horizontal  tension  (lbs)  for  the  catenary.  The  ELEM 
card  describes  the  elements,  and  because  the  elements  are  simply  lines  made  of  some 
material  described  in  the  MATE  card  that  connects  two  nodes,  they  must  also  spiral. 
Elements  one  through  six  must  connect  the  anchors  in  each  mooring  leg  and  array 
to  the  next  node  in  each.  The  rest  of  the  elements  must  spiral  around  as  the  nodes 
do.  The  final  elements  in  each  mooring  leg  and  array  must  connect  the  final  node  in 
each  to  the  water  line  or  stem  of  FLIP  respectively.  The  final  element  should 
connect  FLIP'S  water  to  her  stem.  It  should  be  three  hundred  feet  long  and  have  a 
constant  diameter  of  17.4  feet  which  is  the  cross  sectional  area  average  of  the  actual 
FLIP  diameters.  That  is  to  say  that  three  hundred  times  17.4  feet  produces  the  same 
area  as  the  real  FLIP'S  cross  section  produces.  This  means  that  this  model  of  FLIP 
should  have  similar  drag  characteristics  to  the  true  coke  bottle  FLIP. 

The  TENS  card  should  have  one  line  for  each  mooring  leg  and  array,  plus 
one  for  the  FLIP  element.  As  in  the  NGEN  card,  the  elements  must  be  described  as 
a  series.  This  should  start  at  the  anchor  point,  but  unlike  the  NGEN  card,  these 
series  should  end  at  the  node  just  before  FLIP  in  each  mooring  leg  and  array.  They 
should  skip  the  same  number  as  the  NGEN  skipped,  and  the  tension  should  be 
calculated  from  the  anchor  points.  The  FLIP  line  should  start  and  end  with  the 
FLIP  element,  not  skipping  any.  Word  five  should  be  used  in  the  FLIP  line  to 
describe  the  actual  tension.  It  does  not  matter  what  tension  is  used  because  it  is  all 
within  the  FLIP  element. 
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The  MATE  card  describes  the  materials  used.  The  words  nine  and  ten  are  the 
modulous  of  elasticity.  For  the  nylon,  2,000,000  to  1  (2000000,1),  seemed  to 
produce  correct  results.  The  FLOW  card  describes  the  current  and  must  be  written 
with  the  User’s  Guide.  The  FLUE)  card  should  have  one  line,  ",1",  which  means 
that  the  medium  is  seawater. 

The  order  of  the  above  cards  does  not  matter,  but  the  order  of  the  next  three 
cards  is  essential.  The  first  card  in  any  seadyn.in  file  must  be  the  PROB  card.  This 
contains  the  number  of  nodes  and  elements  in  the  system,  along  with  the  direction  of 
the  coordinate  axis,  and  the  output  code  number.  Refer  to  the  User's  guide  for  these 
codes.  The  second  to  last  card  must  be  the  DEAD  card.  The  card  can  be  empty,  but 
the  DEAD  must  be  there  to  tell  the  program  to  calculate  the  problem  with  no 
current.  The  water  line  of  FLIP  can  be  fixed  in  position  with  the  FIX  command  in 
this  card  to  make  sure  that  the  symmetry  is  correct,  but  it  is  not  necessary. 

However,  if  the  "z"  direction  of  the  water  line  is  not  fixed  in  the  NODE  card,  then  it 
must  be  fixed  here.  The  last  card  must  be  the  LIVE  card.  This  is  where  the  current 
is  introduced.  E  any  nodes  were  fixed  other  than  the  "z"  direction  of  the  water  line 
of  FLIP,  then  they  must  be  freed  here  using  the  FREE  command.  The  CURR 
command  should  also  be  used  in  this  card  to  further  describe  the  current.  Use  the 
User’s  Guide  to  see  how  to  operate  these  commands. 

The  last  line  in  any  seadyn.in  file  must  be  END.  More  details  will  be 
included  with  each  output  report,  but  the  concept  of  "spiralling"  should  be  fully 
understood  here  before  continuing.  It  is  the  key  to  Seadyn  modeling  of  moorings 
and  arrays. 
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PROGRAM  FILTER 

£**★*  ★★★★*★★★*****•*★**★*★*★★★*★★★**★*★*★★★***  ********* 
c 

c  This  program  filters  out  any  DEAD  or  LIVE  seadyn.out 
c  file  to  give  a  simple  3x180  matrix  (or  less), 
c  The  format  is  3E13.7 
c 

CHARACTER  NODE* 33,  YES*1,  THE*1 
DIMENSION  X( 180 ) ,  Y(180),  Z(180) 

WRITE( * , * )  '  ' 

WRITE (*,*)  1  Welcome  to  FILTER.' 

WRITE(* , * )  '  ' 

WRITE(* , * )  '  Is  this  a  dead  or  live  case?(d/l)' 

WRITE ( * , * )  '  ' 

READ( * , * )  THE 

OPEN  ( 5 ,  FILE- ' seadyn . out ' ) 

IF  (THE  .EQ.  'd')  THEN 
OPEN  (6,  FILE-' dead. dat' ) 

ELSE  IF  (THE  .EQ.  '1')  THEN 
OPEN  (7,  FILE- ' live . dat ' ) 

END  IF 
c 

1  READ( 5, 101, END-999)  NODE 
101  FORMAT  ( 5X,A33) 

IF  (THE  .EQ.  'd'  .AND.  NODE  .EQ. 

1 ' DEAD  LOAD  INCREMENT  -  1  ' )  THEN 

GOTO  500 

ELSE  IF  (THE  .EQ.  '1'  .AND.  NODE  .EQ. 

1 ' STEADY  STATE  INCREMENT  -  1 ' )  THEN 

GOTO  500 
ELSE 
GOTO  1 
END  IF 
c 

500  READ  (5, 502, END-999)  YES 
502  FORMAT  (24X,  Al) 

IF  (YES  .NE.  'X')  THEN 
GOTO  500 
END  IF 

c  t 

600  READ  (5, 501, END-999)  X(I),  Y(I),  Z(I) 

501  FORMAT  ( 17X,E13 . 7 , 2X,E13 . 7 , 2X,E13 . 7 ) 

IF  (THE  .EQ.  'd')  THEN 

WRITE  (6,601)  X(I),  Y( I ) ,  Z(I) 

ELSE  IF  (THE  .EQ.  '1')  THEN 
WRITE  (7,601)  X(I),  Y(I) ,  Z(I) 

END  IF 

601  FORMAT  (F13 . 2, 1X,F13 . 2, IX, F13 . 2 ) 

I  -  1+1 

GOTO  600 
c 

999  STOP 
END 


Figure  4 
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Example  One 

sea.9.in 
.out 
No  Arrays 

This  is  a  description  of  sea.9.in  and  sea.9.out,  the  input  and  output  files  of  an 
early  Seadyn  run  with  no  arrays.  Follow  along  with  the  sea.9.in  and  sea.9.out  files, 
they  have  notes  down  the  right  side  of  the  page  to  aid  in  this  explanation.  This 
report  will  explain  these  notes,  and  give  a  good  idea  of  how  an  accurate,  simple  run 
should  go.  The  incrementing  step  in  this  run  is  three  because  there  are  three 
mooring  lines  and  no  arrays.  When  reading  the  output,  three  lines  must  be  skipped 
each  time  to  follow  one  mooring  line  leg.  For  example,  to  follow  the  number  one 
mooing  leg,  look  at  element  1,  then  4,  then  7,  then  10,  and  so  on  skipping  three  each 
time.  This  is  do  to  "spiralling"  and  is  the  case  in  all  input  and  output.  To  further 
understand  "spiralling",  read  the  FLIP  Report. 

Input  File  (sea.9.in): 

To  understand  the  output,  one  must  first  understand  the  input  and  why  it  is 
done  the  way  it  is.  This  is  a  description  of  the  sea.9.in  file  that  directly  follows  this 
report.  The  input  file  is  appended  with  notes  to  help  with  the  translation.  The  first 
line  in  any  input  file  is  the  title  line.  Read  the  User's  Guide  for  the  parameters,  but 
for  simple  use,  just  do  not  use  any  commas,  and  end  it  with  a  dollar  sign,  "$".  Any 
further  notes  must  have  a  "*"  in  front  of  them,  this  can  occur  anywhere  in  a  line, 
but  then  anything  after  it  will  not  be  read  by  Seadyn.  In  this  case  "sea.9.in"  is  a  note 
right  after  the  title  line.  Now  it  is  time  to  start  writing  the  input  cards.  The  first 
input  card  in  any  seadyn.in  file  must  be  the  PROB  card.  This  card  describes  a 
system  with  152  nodes  and  151  elements.  The  "-3"  is  the  code  for  the  gravity  to  be 
in  the  "-z"  direction.  This  makes  the  "z"  axis  the  vertical  axis,  and  all  depth  records 
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arc  thus  put  in  the  ”-z"  coordinate  place.  The  "1"  is  the  input  print  option  flag;  it 
tells  Seadyn  to  echo  all  input,  and  print  the  initial  state  data  for  all  nodes  and 
elements.  This  gives  a  Ml  output  file. 

The  FLUID  card  simply  tells  Seadyn  that  the  medium  is  seawater.  The 
NODE  card  shows  the  global  coordinates  of  FLIP  and  her  three  anchors.  For 
example,  node  1 , which  is  anchor  1,  has  the  coordinates:  x=-16000,  y=0,  z=-12000. 
Node  151,  which  is  FLIP'S  water  line,  has  the  coordinates:  x=0,  y=0,  z=0.  This 
means  that  anchor  one  is  16,000  feet  away  from  FLIP  on  the  "-x"  axis,  and  is  at  a 
depth  of  12,000  feet.  The  hypotenuse  of  the  other  anchor  points'  "x"  and  "y" 
coordinates  equals  16,000  ft,  so  all  of  the  excursions  are  equal. 

The  important  note  in  the  NGEN  card  is  that  this  is  where  the  catenary  is 
described.  The  last  two  numbers  in  each  line  of  this  card  are  the  weight  and  the 
horizontal  component  of  the  tension  (lbs)  in  each  mooring  line.  The  weight  and  the 
tension  describe  the  shape  of  die  line  because  word  seven  in  each  line  is  "1"  which 
means  that  the  shape  is  a  type  of  catenary,  and  thus  dependent  on  these  parameters. 
Notes  on  the  ELEM  card  are  in  the  input  file. 

In  the  TENS  card,  it  is  important  to  understand  that  the  last  node  in  each 
series  is  not  FLIP,  it  is  the  last  node  in  each  mooring  line.  This  isolates  the  tension 
in  each  line.  The  fourth  line  in  this  card  is  FLIP.  It  is  present  because  FLIP  is 
described  as  a  piece  of  cable,  and  according  to  Seadyn,  it  must  have  a  tension. 
Instead  of  having  the  computer  calculate  it,  it  is  assigned  as  "1"  in  word  five. 

The  first  line  in  the  MATE  card  describes  the  mooring  line  material,  it  is 
material  "1".  Line  two  describes  FLIP,  and  is  material  ”2".  That  is  why  all  of  the 
mooring  line  elements  in  the  ELEM  card  have  a  "1”  in  word  five,  and  the  FLIP 
elements  have  a  ”2"  in  word  five.  Word  three  in  the  MATE  card  is  die  diameter  in 
feet.  It  is  0.125  ft  (1  1/2  inches)  for  the  mooring  line  and  20  feet  for  FLIP.  This  is 
an  early  seadyn  input  file,  in  later  runs  the  FLIP  diameter  was  corrected  to  17.4  ft. 
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This  is  a  prime  example  of  how  the  trials  can  be  constantly  updated.  The  "W9" 
after  word  four,  which  is  the  weight  of  the  material,  simply  means  skip  to  word  9  of 
the  card.  This  is  explained  in  chapter  five  of  the  User's  Guide.  The  last  two  words 
in  each  line  of  this  card  are  the  modulous  of  elasticity.  For  the  mooring  line  it  is 
200,000  to  1  which  seems  to  be  correct.  This  was  determined  by  trial  and  error; 
checking  the  %  elongation  to  the  %  of  breaking  strength  that  the  tension  is 
providing.  It  was  later  corrected  to  2,000,000  to  1.  This  may  need  to  be  fiddled 
with.  The  modulous  of  elasticity  for  FLIP  is  arbitrary,  it  just  must  be  high  enough 
that  she  does  not  stretch. 

Words  three,  four,  and  five  of  the  FLOW  card  describe  the  current  in  global 
coordinates.  Word  three  is  the  "x"  coordinate,  word  four  is  the  "y"  coordinate,  and 
word  five  is  the  "z"  coordinate.  In  this  case  the  current  runs  along  the  ”x"  axis  in 
the  positive  "x  "  direction  at  one  knot  (1.688  ft/sec).  The  next  two  cards  must  be  in 
order. 

The  DEAD  card  has  a  FIX  command.  To  fix  a  node,  the  node  and  direction 
must  be  described.  This  is  done  by  adding  a  "1"  for  the  "x"  direction,  a  "2"  for  the 
"y"  direction,  and  a  "3"  for  the  "z"  direction,  to  the  node  number.  Here  node  151  is 
fixed  in  all  directions  with  "1511,1512,1513"  in  words  three,  four,  and  five.  This 
must  be  done  in  the  "z"  direction  because  node  151  is  FLIP’S  water  line,  and  this 
keeps  FLIP  afloat.  The  other  directions  are  fixed  to  check  for  symmetry. 

The  LIVE  card  introduces  the  current  First  node  151  must  be  freed  with  the 
FREE  command  in  the  "x"  and  "y"  directions,  then  FLIP  is  free  to  move  when  the 
current  is  initiated.  The  third  word  in  the  CURR  command  is  the  flow  field  scale 
factor,  and  in  this  case  it  is  ".5".  This  means  that  the  current  is  1/2  of  what  it  is  in 
the  FLOW  card,  or  1/2  knot  In  this  example,  the  current  is  constant  through  the 
whole  water  column.  In  the  later  examples,  the  current  profile  takes  the  form  of 
figure  3.  The  last  input  card  is  always  END. 
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Output  File  (sea.9.out): 

There  is  a  set  of  graphs  in  front  of  the  output  file,  these  are  not  a  part  of  the 
Seadyn  program.  They  were  produced  on  the  Matlab  program,  and  the  method  is 
described  in  the  "Seadyn  Uses  For  Matlab"  report.  The  first  graph  is  a  plan  view  of 
the  mooring  in  no  current.  The  second  graph  is  an  orthogonal  view  of  one  mooring 
leg  in  no  current.  There  is  only  one  graph  for  all  three  legs  because  the  shape  is  the 
same  for  all  three  in  no  current.  The  next  graph  is  the  plan  view  in  the  half  knot 
current.  The  current  is  constant  through  the  water  column.  The  number  one 
mooring  leg  does  not  bow  at  all  because  it  is  in  the  plane  perpendicular  to  the 
current,  it  simply  stretches.  The  other  two  bow  symmetrically,  as  would  be 
expected.  The  next  three  graphs  show  orthogonal  views  of  the  mooring  legs  in  the 
half  knot  current. 

The  output  has  notes  to  help  this  explanation  as  well  The  first  output  is  an 
echo  of  the  input  followed  by  some  explanations.  Then  some  nodal  generation 
explanations  are  listed.  The  ELEMENT  INPUT  DATA  has  zero  tension  and  zero 
length  because  in  the  input  a  command  tells  Seadyn  to  solve  for  these  variables,  so 
no  initial  variables  are  listed.  It  does  list  the  material  (mooring  line  or  FLIP),  and 
medium  (seawater)  codes.  The  ELEMENT  PRE-TENSION  DATA  on  page  9  of 
the  output  lists  the  TENS  input  card.  The  CABLE  MATERIAL  PROPERTY 
DATA  explains  the  MATE  input  card.  The  NODAL  POINT  DATA  SUMMARY 
lists  where  the  nodes  were  placed  with  the  codes  for  wether  or  not  the  nodes  are 
fixed  in  place.  The  ELEMENT  SUMMARY  DATA  lists  the  initial  length  of  the 
elements,  which  is  the  length,  including  stretching,  in  the  no  current  situation. 

From  this  data,  the  length  of  the  mooring  lines  can  be  calculated  by  multiplying  the 
length  of  an  element  by  die  number  of  elements  in  a  leg.  This  is  not  exact  because 
the  elements  vary  in  length,  but  this  variation  is  quite  small,  and  this  method  gives  a 
close  estimate  to  the  actual  length.  The  ADDITIONAL  ELEMENT  DATA  gives 
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three  slopes  for  each  element.  The  important  slope  is  the  third  column,  the  inverse 
sine  of  this  column  gives  the  angle  that  the  element  casts  with  the  horizontal.  Thus, 
the  inverse  sine  of  the  first  element  in  each  leg  gives  an  estimate  of  the  angle 
between  the  leg  and  the  sea  floor.  This  is  referred  to  as  the  "third  column  inverse 
sine  horizontal"  rule.  The  rest  of  the  output  describes  the  system  in  a  no  current 
situation,  and  then  in  the  half  knot  current. 

The  LOAD  CASE  PARAMETERS,  and  the  output  that  follow  them,  give  the 
global  coordinates  of  the  nodes  in  the  present  situation,  and  the  tensions  in  the 
elements.  In  the  DEAD  output,  pages  20  through  23  of  the  output  file,  the  last  five 
nodal  positions,  and  die  last  four  element  tensions  are  important  The  last  two  nodal 
positions  describe  FLIP.  The  three  before  that  describe  the  last  node  in  each 
mooring  line  leg.  The  last  element  tension  is  die  tension  within  FLIP,  this  can  be 
disregarded,  but  the  three  before  it  are  the  crux  of  die  problem.  These  are  where 
the  tension  that  FLIP  will  feel  from  each  mooring  leg  is  recorded.  In  this  case  the 
tension  in  each  leg  will  be  roughly  3,990  lbs.  If  this  were  the  real  world  and  a 
tension  meter  were  at  the  junction  between  FLIP  and  the  mooring  lines,  they  would 
record  3,990  lbs  each.  These  tensions  are  what  are  to  be  manipulated  in  these  trials. 

The  next  LOAD  CASE  PARAMETER  is  the  LIVE  situation  with  a  half  knot 
current.  The  FLOW  FIELD  MULTIPLIER  is  echoed  here  as  ".5".  The  same  style 
of  output  as  was  found  in  the  DEAD  output  exists.  The  last  five  nodal  positions  and 
the  last  four  element  tensions  are  the  important  parts  of  the  output.  Here  the  water 
line  of  FLIP  has  moved  561  ft  in  the  positive  "x"  direction.  Her  stem  has  moved 
640  ft  in  the  positive  "x"  direction,  and  11  ft  in  the  positive  "z"  direction.  This 
produces  more  of  an  angle  than  in  later  trials  because  this  trial  is  inaccurate; 
another  example  of  the  constant  corrections  that  must  take  place  when  operating 
Seadyn.  The  tensions  in  elements  149  and  150  have  dropped  with  the  no  current, 
they  are  now  3,738  lbs  each.  This  is  because  they  are  down  stream,  and  the  number 
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one  mooring  leg  is  bruiting  the  force  of  the  current.  Its  tension  at  its  junction  with 
FLIP  is  up  to  7,433  lbs.  This  is  found  in  the  tension  for  element  148,  the  mooring 
leg  1/FLIP  interface. 

The  important  output  is  at  die  end  of  the  output  file  which  illustrates  the  need 
to  go  direcdy  to  the  end  of  the  output  file  when  analyzing  data.  This  is  a  simple 
example,  the  rest  of  the  example  outputs  have  arrays  in  them,  and  are  far  more 
complicated.  They  have  less  elements  than  this  however,  because  the  idea  behind 
this  trial  was  to  produce  as  nice  a  curve  as  possible  in  the  mooring  line  graphs.  The 
more  elements,  the  smaller  ihey  are,  and  thus  more  accurate  die  angles  and  tensions 
are  produced.  This  trial  has  50  elements  per  mooring  line  leg.  The  rest  of  the 
examples  have  either  14  or  17  elements  per  leg,  and  14  or  17  elements  per  array. 
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sea. 9. in 


Test  Case  with  151  elements.  $ 

*  sea . 9 . in 

PROB 

152,151,-3,1 

FLUID 

,1 

NODE 

1. , -16000,0,-12000,3,3,3 

2. . 8000.13856,-12000,3,3,3 

3 . .  8000 , -13856 , -12000 ,3,3,3 

151. . 0.0. 0.0. 0.0 

152. . 0.0,-300,0,0,0 
NGEN 

49.1.151.3.2.4.1. . 1068.2600 

49.2.151.3.2.5.1. . 1068.2600 

49.3.151.3.2.6.1. . 1068.2600 
ELEM 

1.1.4. . 1.0 

2.2.5. . 1.0 

3.3.6. . 1.0 

4.4.7. . 1.0.0 

5.5.8. . 1.0.0 

6.6.9. . 1.0.0 

7.7.10. . 1.0.0 

8.8.11. . 1.0.0 

9.9.12. . 1.0.0 

10.10.13. . 1.0.0 

11.11.14. . 1.0.0 

12.12.15. . 1.0.0 

13.13.16. . 1.0.0 

14.14.17. . 1.0.0 

15.15.18. . 1.0.0 

16.16.19. . 1.0.0 

17.17.20. . 1.0.0 

18.18.21. . 1.0.0 

19.19.22. . 1.0.0 

20.20.23. . 1.0.0 

21.21.24. . 1.0.0 

22.22.25. . 1.0.0 

23.23.26. . 1.0.0 

24.24.27. . 1.0.0 

25.25.28. . 1.0.0 

26.26.29. . 1.0.0 

27.27.30. . 1.0.0 

28.28.31. . 1.0.0 

29.29.32. . 1.0.0 

30.30.33. . 1.0.0 

31.31.34. . 1.0.0 

32.32.35. . 1.0.0 

33.33.36. . 1.0.0 

34.34.37. . 1.0.0 

35.35.38. . 1.0.0 

36.36.39. . 1.0.0 

37.37.40. . 1.0.0 

38.38.41. . 1.0.0 

39.39.42. . 1.0.0 

40.40.43. . 1.0.0 

41.41.44. . 1.0.0 

42.42.45. . 1.0.0 

43.43.46. . 1.0.0 


*  mooring  line  1 

*  mooring  line  2 

*  mooring  line  3 

*  FLIP  water  line 

*  FLIP  stern 

*  catenary  mooring  line  1 

*  line  2 

*  line  3,  2600  lbs  horiz.  each 


— global  coordinates 


catenary  description 
horiz.  tension 


word  1:  element 
word  2 :  first  node 


_ word  3:  second  node 

word  5:  material 
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44.44. 47. . 1.0.0 

45.45.48. . 1.0.0 

46.46.49. . 1.0.0 

47.47.50. . 1.0.0 

48.48.51. . 1.0.0 

49.49.52. . 1.0.0 

50.50.53. . 1.0.0 

51.51.54. . 1.0.0 

52.52.55. . 1.0.0 

53.53.56. . 1.0.0 

54.54.57. . 1.0.0 

55.55.58. . 1.0.0 

56.56.59. . 1.0.0 

57.57.60. . 1.0.0 

58.58.61. . 1.0.0 

59.59.62. . 1.0.0 

60.60.63. . 1.0.0 

61.61.64. . 1.0.0 

62.62.65. . 1.0.0 

63.63.66. . 1.0.0 

64.64.67. . 1.0.0 

65.65.68. . 1.0.0 

66.66.69. . 1.0.0 

67.67.70. . 1.0.0 

68.68.71. . 1.0.0 

69.69.72. . 1.0.0 

70.70.73. . 1.0.0 

71.71.74. . 1.0.0 

72.72.75. . 1.0.0 

73.73.76. . 1.0.0 

74.74.77. . 1.0.0 

75.75.78. . 1.0.0 

76.76.79. . 1.0.0 

77.77.80. . 1.0.0 

78.78.81. . 1.0.0 

79.79.82. . 1.0.0 

80.80.83. . 1.0.0 

81.81.84. . 1.0.0 

82.82.85. . 1.0.0 

83.83.86. . 1.0.0 

84.84.87. . 1.0.0 

85.85.88. . 1.0.0 

86.86.89. . 1.0.0 

87.87.90. . 1.0.0 

88.88.91. . 1.0.0 

89.89.92. . 1.0.0 

90.90.93. . 1.0.0 

91.91.94. . 1.0.0 

92.92.95. . 1.0.0 

93.93.96. . 1.0.0 

94.94.97. . 1.0.0 

95.95.98. . 1.0.0 

96.96.99. . 1.0.0 

97.97.100. . 1.0.0 

98.98.101. . 1.0.0 

99.99.102. . 1.0.0 

100.100.103. . 1.0.0 

101.101.104. . 1.0.0 

102.102.105. . 1.0.0 

103.103.106. . 1.0.0 
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104.104.107. . 1.0.0 

105.105.108. . 1.0.0 

106.106.109. . 1.0.0 

107.107.110. . 1.0.0 

108.108.111. . 1.0.0 

109.109.112. . 1.0.0 

110.110.113. . 1.0.0 

111. 111. 114..  1.0.0 

112.112.115. . 1.0.0 

113.113.116. . 1.0.0 

114.114.117. . 1.0.0 

115.115.118. . 1.0.0 

116.116.119. . 1.0.0 

117.117.120. . 1.0.0 

118.118.121. . 1.0.0 

119.119.122. . 1.0.0 

120.120.123. . 1.0.0 

121.121.124. . 1.0.0 

122.122.125. . 1.0.0 

123.123.126. . 1.0.0 

124.124.127. . 1.0.0 

125.125.128. . 1.0.0 

126.126.129. . 1.0.0 

127.127.130. . 1.0.0 

128.128.131. . 1.0.0 

129.129.132. . 1.0.0 

130.130.133. . 1.0.0 

131.131.134. . 1.0.0 

132.132.135. . 1.0.0 

133.133.136. . 1.0.0 

134.134.137. . 1.0.0 

135.135.138. . 1.0.0 

136.136.139. . 1.0.0 

137.137.140. . 1.0.0 

138.138.141. . 1.0.0 

139.139.142. . 1.0.0 

140.140.143. . 1.0.0 

141.141.144. . 1.0.0 

142.142.145. . 1.0.0 

143.143.146. . 1.0.0 

144.144.147. . 1.0.0 

145.145.148. . 1.0.0 

146.146.149. . 1.0.0 

147.147.150. . 1.0.0 

148.148.151. . 1.0.0 

149.149.151. . 1.0.0 

150.150.151. . 1.0.0 

151.152.151. . 2.0.0 
TENS 

1.148.3.1 

2.149.3.2 

3.150.3.3 
151,151,0, ,1 
MATE 

1. .  .125. .1068W9, 200000,1 

2. .  20. 15W9, 10000000 , 1 
FLOW 

1,1,1.688,0,0 

DEAD 

FIX, 3, 1511, 1512, 1513 


* 

* 


from  1  to  148  skipping  3  calculati 
tension  from  1.  same  for  2  and  3 


*  mooring  line 
*  FLIP 


.current  described  in 
global  coordinates 


FLIP  water  line 
fixed  in  x,  y,  and  x 


33 
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LIVE 

FREE, 1511, 1512 
CURR, 1, .5,0 
END 


z  direction  not  free 
1/2  knot  water  column 
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Plan  View  of  sea.9.in  Trimoor 


Figure  5a 


xlO4  Plan  View  of  sea.9.in  Trimoor  Half  Knot  Current 


feet 

Figure  5c 
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Example  Two 

array.  1.  in 
.out 

Neutrally  Buoyant  Arrays 

This  is  a  description  of  array.  1. in  and  array.  1. out,  the  input  and  output  files 
of  a  Seadyn  run  with  neutrally  buoyant  arrays.  As  in  the  sea.9  example,  the  files 
have  notes  down  the  right  side  of  the  pages  to  aid  in  this  explanation.  In  this  run 
three  neutrally  buoyant  arrays  were  added  to  the  tri-moor  system.  The  system  is 
quite  different  than  the  one  in  sea.9.  There  are  fourteen  elements  per  mooring  leg 
as  opposed  to  fifty,  the  initial  tensions  in  the  mooring  legs  are  much  higher  to 
accommodate  the  arrays,  and  the  current  is  not  a  constant  water  column.  The 
current  now  has  a  profile  that  is  shown  in  figure  three.  This  profile  will  be  the  one 
present  in  the  rest  of  the  examples. 

The  three  arrays  that  have  been  introduced  in  this  model  are  spaced  120 
degrees  out  of  phase  of  one  another,  and  60  degrees  out  of  phase  of  the  mooring 
legs.  Array  Alpha  is  between  mooring  legs  1  and  2,  array  Beta  is  between  mooring 
legs  2  and  3,  and  array  Gamma  is  between  mooring  legs  3  and  1 .  The  arrays  are 
about  22,000  feet  long  and  have  an  excursion  of  17,440  feet  from  FLIP  in  a  no 
current  situation.  These  arrays  weigh  0.0001  lbs/ft  which  is  almost  neutrally 
buoyant.  The  last  7,500  feet  of  the  arrays  are  1  and  1/2  inch  diameter,  2  in  1  nylon. 
The  same  material  as  the  mooring  lines.  This  weighs  0.1068  Ibs/ft. 

With  all  arrays  introduced,  the  skipping  codes  are  now  six.  For  example,  to 
follow  the  number  one  mooring  leg  one  must  look  at  elements  1,7,13,19,  and  so 
on.  The  "spiralling"  in  this  example  includes  the  arrays,  and  that  is  why  the  arrays 
have  the  same  number  of  elements  as  the  mooring  lines.  For  more  information  on 
"spiralling",  read  the  FLIP  Report. 
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Input  File  (array.  1. in): 

There  is  four  hundred  feet  of  anchor  chain  at  the  front  of  each  mooring  line. 
This  had  to  be  represented  by  a  node  four  hundred  ft  closer  to  FLIP  in  each 
mooring  leg.  The  mooring  line  begins  its  assent  from  these  nodes.  The  nodes  are 
node  7  in  line  one,  node  9  in  line  two,  and  node  1 1  in  line  three.  The  beginning 
nodes  for  each  array  are  node  2  for  array  Alpha,  node  4  for  array  Beta,  and  node  6 
for  array  Gamma.  FLIP  is  described  here  by  nodes  85  and  86,  with  85  as  her  water 
line.  This  input  is  all  in  the  NODE  card. 

The  NGEN  card  is  quite  complex  for  this  problem.  The  first,  fourth,  and 
seventh  lines  of  this  card  are  the  nodal  generations  for  the  mooring  lines.  These  are 
the  same  as  the  ones  in  sea. 9. in  except  that  there  are  only  twelve  nodes  being 
generated  in  each  leg.  The  nodal  generation  for  the  arrays  is  a  much  more  complex 
matter.  There  are  two  lines  for  each  array  leg  because  the  first  7,500  feet  of  the 
array  is  a  different  material  than  the  rest  of  it  Seadyn  will  not  accept  a  generation 
of  nodes  up  to  one  point,  and  then  a  continue  generating  nodes  of  a  different 
material.  To  get  around  these  intricacies  of  Seadyn,  the  nylon  line  part  of  the  array 
has  to  be  generated  all  the  way  to  FLIP,  then  the  new  array  material  generations  are 
inserted  starting  at  the  desired  node.  These  new  generations  continue  up  to  FLIP. 
Seadyn  then  discards  the  previous  nodes  that  were  produced  by  the  nylon  line 
generations.  Seadyn  sticks  to  the  last  command  that  it  receives,  so  it  works  with  the 
new  generations  to  give  the  desired  mix  of  material.  This  is  why  the  NGEN  card  is 
as  long  as  it  is.  The  array  material  picks  up  at  node  32  in  array  Alpha,  node  34  in 
array  Beta,  and  node  36  in  array  Gamma.  This  is  represented  in  lines  three,  six, 
and  nine  of  the  NGEN  card. 

The  limit  on  nodes  7  through  30  in  the  LIMIT  card  keeps  the  nodes  from 
going  through  the  sea  floor.  The  ELEM  card  is  the  same  as  in  sea.9.in,  but  now 
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there  are  five  different  materials,  and  to  follow  one  leg  at  a  time,  six  elements  must 
be  skipped  between  readings,  as  opposed  to  three  in  sea.9.in.  FLIP  is  described  in 
element  85.  The  TENS  card  works  the  same  as  in  sea.9.in,  but  there  are  seven  lines, 
one  for  each  leg,  and  one  for  FLIP.  Once  again,  the  FLIP  tension  is  assigned,  and  is 
arbitrary. 

The  MATE  card  is  the  same  as  in  sea.9.in,  but  there  are  now  five  materials, 
(1)  the  mooring  line,  (2)  the  neutrally  buoyant  array,  (3)  FLIP,  (4)  the  anchor 
chain,  and  (5)  die  2  in  1  nylon  that  is  at  the  bottom  of  the  array  legs. 

The  FLOW  card  describes  the  current  as  in  figure  three.  The  description 
must  start  at  the  bottom  with  -12,000  feet  and  a  current  of  -0.338  which  is  1/5  of  a 
knot  in  the  -x  direction.  Then  the  -500  foot  current  which  is  also  -0.338  must  be 
input  followed  by  the  0.0  foot  current  which  is  -1.688  or  1  knot  in  the  -x  direction. 
Seadyn  connects  each  current  point  linearly,  so  its  representation  is  equivalent  to 
the  one  in  figure  three. 

The  DEAD  card  simply  tells  Seadyn  to  calculate  a  no  current  situation,  there 
are  no  FIX  commands,  all  fixing  was  done  in  the  NODE  card.  The  LIVE  card  also 
has  no  FREE  commands,  it  simply  tells  Seadyn  to  introduce  the  current  as  it  is  in  the 
FLOW  card,  and  multiply  by  one. 

Do  not  forget  the  END  card! 

Output  File  (array. l.out): 

The  input  is  echoed  here  as  in  sea.9.out,  but  this  output  file  is  a  "-1"  code 
output  file  which  means  that  the  input  is  echoed,  but  then  Seadyn  skips  to  the  DEAD 
output.  Here  the  important  output  is  the  mooring  line  and  array  tensions  at  their 
interface  with  FLIP.  In  the  no  current  situation  the  mooring  lines  all  have  a  tension 
of  about  5, 205  lbs  per  leg,  and  tire  arrays  have  a  tension  of  about  655  lbs  per  leg. 
The  mooring  line  tensions  at  FLIP  are  shown  in  elements  79, 81,  and  83.  The  array 
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tensions  at  FLIP  are  shown  in  elements  80, 82,  and  84.  The  tension  in  element  85, 
which  is  FLIP,  can  be  disregarded.  There  is  a  difference  in  some  of  the  tensions  in 
this  no  current  situation  because  the  symmetry  is  not  exact.  FLIP  has  moved  25  feet 
in  the  -x  direction  even  though  there  is  no  current.  This  is  an  example  of  why  it  is 
best  not  to  fix  FLIP  in  the  DEAD  card. 

The  LIVE  output  shows  the  tension  in  the  two  upstream  mooring  line  It  t  to 
have  jumped  to  8,057  lbs  each  at  their  interface  with  FLIP.  This  is  shown  in 
elements  81  and  83.  The  tension  in  the  array  leg  that  is  up  stream  has  increased  in 
tension  to  1,022  lbs.  This  is  the  array  that  is  directly  bruiting  the  current’s  force, 
and  its  tension  is  shown  in  element  82.  FLIP'S  new  water  line  position  is  -276  ft  as 
shown  in  node  85's  global  coordinates.  This  means  that  her  excursion  is  251  feet 
down  the  negative  "x"  axis. 
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array . 1 . in 


Test  case  with  the  array.  $ 

*  excursion  of  array  is  now  17439. 

*  correct  current  profile  installed. 

*  current  in  -x  direction 

*  array  weight  is  .0001  lb/ft 


★ 


PROB 

86, 85, -3,-1 

FLUID 

,1 

NODE 

* 

Nodes  as  in  ntbk. 

1, ,-17000,0,-12000,3,3,3 

★ 

A  line  anchor 

2, ,-8720,15103,-12000,3,3,3 

★ 

ALPHA  array 

3, ,8500,14722,-12000,3,3,3 

★ 

B  line  anchor 

4, ,17439,0,-12000,3,3,3 

★ 

BETA  array 

5, ,8500,-14722,-12000,3,3,3 

★ 

C  line  anchor 

6, ,-8720,-15103,-12000,3,3,3 

* 

GAMMA  array 

7, ,-16600,0,-12000 

★ 

end  of  A  chain 

9, ,8300,14376,-12000 

★ 

end  of  B  chain 

11, ,8300,-14376,-12000 

* 

end  of  C  chain 

85, ,0,0, 0,0, 0,3 

★ 

FLIP  waterline 

86, ,0,0,-300,0,0,0 

NGEN 

* 

FLIP  stem 

12,7,85,6,0,13,1, .1068,4000 

•k 

line  A 

13,2,86,6,0,8,1, .1068,1300 
8,32,86,6,0,38,1, .0001,1300 

★ 

array  ALPHA 

12,9,85,6,0,15,1, .1068,4000 

it 

line  B 

13,4,86,6,0,10,1, .1068,1300 
8,34,86,6,0,40,1, .0001,1300 

it 

array  BETA 

12,11,85,6,0,17,1, .1068,4000 

it 

line  C 

13,6,86,6,0,12,1, .1068,1300 
8,36,86,6,0,42,1, .0001,1300 
LIMIT 

1,-12000, , ,1 

LLOC 

1,7,30,1 

FT  .PM 

it 

array  GAMMA 

1.1.7. . 4.0 

2.2.8. . 5.0 

it 

chain 

3.3.9. . 4.0 

4.4.10. . 5.0.0 

it 

chain 

5.5.11. . 4.0.0 

6.6.12. . 5.0.0 

it 

chain 

7.7.13. . 1.0.0 

8.8.14. . 5.0.0 

9.9.15. . 1.0.0 

10.10.16. . 5.0.0 

11.11.17. . 1.0.0 

12.12.18. . 5.0.0 

13.13.19. . 1.0.0 

14.14.20. . 5.0.0 

15.15.21. . 1.0.0 

16.16.22. . 5.0.0 

17.17.23. . 1.0.0 

18.18.24. . 5.0.0 

19.19.25. . 1.0.0 

20.20.26. . 5.0.0 

21.21.27. . 1.0.0 

22.22.28. . 5.0.0 


86  nodes,  85  ele 
-1  output  code 


1-2-3  anchors. 


nodes  7,9,11 
anchor  chains 


mooring  lines  star 
at  node  7,9,11 


— sea  floor 


— "spiralling" 
skip  six 
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38.38.44. . 2/0,0 

39.39.45. . 1.0.0 

40.40.46. . 2.0.0 

41.41.47. . 1.0.0 

42.42.48. . 2.0.0 

43.43.49. . 1.0.0 

44.44.50. . 2.0.0 

45.45.51. . 1.0.0 

46.46.52. . 2.0.0 

47.47.53. . 1.0.0 

48.48.54. . 2.0.0 

49.49.55. . 1.0.0 

50.50.56. . 2.0.0 

51.51.57. . 1.0.0 

52.52.58. . 2.0.0 

53.53.59. . 1.0.0 

54.54.60. . 2.0.0 

55.55.61. . 1.0.0 

56.56.62. . 2.0.0 

57.57.63. . 1.0.0 

58.58.64. . 2.0.0 

59.59.65. . 1.0.0 

60.60.66. .  2.0.0 

61.61.67. . 1.0.0 

62.62.68. . 2.0.0 

63.63.69. . 1.0.0 

64.64.70. . 2.0.0 

65.65.71. . 1.0.0 

66.66.72. . 2.0.0 

67.67.73. . 1.0.0 

68.68.74. . 2.0.0 

69.69.75. . 1.0.0 

70.70.76. . 2.0.0 

71.71.77. . 1.0.0 

72.72.78. . 2.0.0 

73. 73. 79. . 1.0.0 

74.74.80. . 2.0.0 

75.75.81. . 1.0.0 

76.76.82. . 2.0.0 

77.77.83. . 1.0.0 

78.78.84. . 2.0.0 

79.79.85. . 1.0.0 

80.80.86. . 2.0.0 

81.81.85. . 1.0.0 

82.82.86. . 2.0.0 
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83.83.85. . 1.0.0 

84.84.86. . 2.0.0 

85.85.86. . 3.0.0 
TENS 

1.79.6.1 

2.80.6.2 

3.81.6.3 

4.82.6.4 

5.83.6.5 

6.84.6.6 
85,85,0, ,1 
MATE 

1. .  .125. .1068W9, 2000000,1  *  line 

2. .  .125. .0001W9, 200000000,1  *  array 

3. . 17.4. 110W9, 1000000000,1  *  FLIP 

4. .  .125. 50W9, 1000000000,1  *  chain 

5. . . 125. . 1068W9, 2000000, 1  *  hawser 

FLOW 

1,2, -12000, -.338, 0,0, -500, -.338, 0,0, 0,-1. 688, 0,0 

DEAD 

LIVE 

CURR, 1,1,0 

END 


_calculates  tension 


five  materials 


_ current  profile 


no  FIX  command 
no  FREE  command 
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xlO4  Plan  View  Tri-moor  And  Arrays,  No  Current 
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Figure  6c 
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feet 


Mooring  Leg  2  In 


Figure  6d 
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Example  Three 

array.2.in 

.out 

Weighted  Arrays 

This  is  the  same  input  file  as  array.  1. in  except  the  array  weighs  0.200  lbs/ft 
instead  of  0.0001  lbs/ft.  All  of  the  input  tensions  are  the  same,  which  would  not  be 
the  case  in  the  real  world,  but  for  simplicity's  sake  they  are.  For  an  explanation  of 
these  files,  read  the  array.  1. in  report  with  the  following  changes. 

Input  File  (array .2.in): 

The  array  weight  in  the  NGEN  card  is  changed  to  0.200  lbs/ft.  The  array 
weight  in  the  MATE  card  is  changed  to  0.200  lbs/ft. 

Output  File  (array .2.out): 

This  is  the  same  shortened  form  of  output  as  is  in  array.  1. out.  The  tensions 
of  the  arrays  at  their  interface  with  FLIP  are  greater  in  this  trial  than  when  the 
arrays  were  neutrally  buoyant.  The  tensions  for  the  arrays  are  about  3,800  lbs  in 
the  no  current  situation,  and  the  excursion  of  FLIP  is  about  25  feet  down  the 
negative  x  axis  due  to  incorrect  symmetry.  When  the  current  is  introduced  the 
tension  in  the  array  that  is  bruiting  the  force,  array  Beta,  has  a  tension  of  4,109  lbs 
as  represented  by  element  82.  The  new  position  of  FLIP  is  -276  ft  on  the  x  axis 
which  means  that  the  excursion  due  to  the  current  is  251  feet  down  the  negative  x 
axis. 
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Test  case  with  the  array.  $  _ 

*  excursion  of  array  is  now  17439. 

*  correct  current  profile  installed. 

*  current  in  -x  direction 

*  array  weight  is  .2  lb/ft  (-1000  lbs  per  module) 

* 


★ 


PROS 

86, 85, -3,-1 
FLUID 


NODE 

•k 

Nodes  as  in  ntbk 

1,  ,-17000,0,-12000,3,3,3 

★ 

A  line  anchor 

2, ,-8720,15103,-12000,3,3,3 

★ 

ALPHA  array 

3,  ,8500,14722,-12000,3,3,3 

★ 

B  line  anchor 

4, ,17439,0,-12000,3,3,3 

★ 

BETA  array 

5,  ,8500,-14722,-12000,3,3,3 

★ 

C  line  anchor 

6, ,-8720,-15103,-12000,3,3,3 

★ 

GAMMA  array 

7,, -16600, 0,-12000 

★ 

end  of  A  chain 

9, ,8300,14376,-12000 

★ 

end  of  B  chain 

11, ,8300,-14376,-12000 

★ 

end  of  C  chain 

85, ,0,0, 0,0, 0,3 

★ 

FLIP  waterline 

86, ,0,0,-300,0,0,0 

* 

FLIP  stern 

NGEN 

12,7,85,6,0,13,1, .1068,4000 

★ 

line  A 

13,2,86,6,0,8,1, .1068,1300 

★ 

array  ALPHA 

8,32,86,6,0,38,1,-2,1300 

12,9,85,6,0,15,1,-1068,4000 

★ 

line  B 

13,4,86,6,0,10,1,-1068,1300 

★ 

array  BETA 

8,34,86,6,0,40,1,-2,1300 
12,11,85,6,0,17,1, .1068,4000 

★ 

line  C 

13,6,86,6,0,12,1,-1068,1300 

* 

array  GAMMA 

8,36,86,6,0,42,1,-2,1300 

LIMIT 

1,-12000, , ,1 

LLOC 

1,7,30,1 


ELEM 


I, 1,7,  ,4,0 

2.2.8. . 5.0 

3.3.9. . 4.0 

4.4.10. . 5.0.0 

5.5.11. . 4.0.0 

6.6.12. . 5.0.0 

7.7.13. . 1.0.0 

8.8.14. . 5.0.0 

9.9.15. . 1.0.0 

10.10.16. . 5.0.0 

II, 11,17, ,1,0,0 

12.12.18. . 5.0.0 

13.13.19. . 1.0.0 

14.14.20. . 5.0.0 

15.15.21. . 1.0.0 

16.16.22. . 5.0.0 

17.17.23. . 1.0.0 

18.18.24. . 5.0.0 

19.19.25. . 1.0.0 

20.20.26. . 5.0.0 

21.21.27. . 1.0.0 

22.22.28. . 5.0.0 


*  chain 

*  chain 

*  chain 


array. 2. in 


1-2-3  anchors. 


weight  of  array  L: 
0.2  lbs/ft  in  NGEt 


95 


1 


133,33,39, ,1,0,0 

34,34,40, ,2,0,0 

35,35,41, ,1,0,0 

36,36,42, ,2,0,0 

I  37, 37, 43, ,1,0,0 

38,38,44, ,2,0,0 

39,39,45, ,1,0,0 

140,40,46, ,2,0,0 

41,41,47, ,1,0,0 

42,42,48, ,2,0,0 

43,43,49, ,1,0,0 

144,44,50, ,2,0,0 

45,45,51, ,1,0,0 

46,46,52, ,2,0,0 

»  47, 47, 53, ,1,0,0 

48,48,54, ,2,0,0 

49,49,55, ,1,0,0 

50,50,56, ,2,0,0 

151, 51, 57, ,1,0,0 

52,52,58, ,2,0,0 

53,53,59, ,1,0,0 

54,54,60, ,2,0,0 

*55, 55, 61, ,1,0,0 

56,56,62, ,2,0,0 

57,57,63, ,1,0,0 

158,58,64, ,2,0,0 

59,59,65, ,1,0,0 

60,60,66, ,2,0,0 

61,61,67, ,1,0,0 

162,62,68, ,2,0,0 

63,63,69, ,1,0,0 

64,64,70, ,2,0,0 
,  65,65,71, ,1,0,0 

I  66,66,72, ,2,0,0 
I  67,67,73, ,1,0,0 

68,68,74, ,2,0,0 
I  69,69,75, ,1,0,0 
I  70,70,76, ,2,0,0 

71,71,77, ,1,0,0 

72,72,78, ,2,0,0 

73,73,79, ,1,0,0 

74,74,80, ,2,0,0 

75,75,81, ,1,0,0 

76,76,82, ,2,0,0 

77,77,83, ,1,0,0 

78,78,84, ,2,0,0 

79,79,85, ,1,0,0 

80,80,86, ,2,0,0 

81,81,85, ,1,0,0 

82,82,86, ,2,0,0 
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83.83.85. . 1.0.0 

84.84.86. . 2.0.0 

85.85.86. . 3.0.0 
TENS 

1.79.6.1 

2 . 80 .6.2 

3.81.6.3 

4.82.6.4 

5.83.6.5 

6.84.6.6 


85,85,0, ,1000 

MATE 

line 

1, , .125, .1068W9, 2000000,1 

★ 

2 , , . 125 , . 2W9 , 200000000 , 1 

★ 

array 

3 , , 17 . 4 , 110W9 , 1000000000 , 1 

★ 

FLIP 

4 , , . 125 , 50W9 , 1000000000 , 1 

★ 

chain 

5 , , . 125 , . 1068W9 , 2000000 , 1 
FLOW 

★ 

hawser 

1,2, -12000, -.338, 0,0, -500, -.338, 0,0, 0,-1. 688, 0,0 

DEAD 

LIVE 

CURR, 1,1,0 

END 


weight  of  array  is 
0.2  lbs/ft  in  M7-E 
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Gamma  Array 


Figure  7a. 


xlO4  Plan  View  Tri-moor  And  Arrays,  -x  Current 
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Figure  7e  (continued) 
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ANALYSIS  TYPE  -  DEAD 
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Neutrally  Buoyant  Array 
vs. 

Weighted  Array 

This  is  a  comparison  of  the  array. 1  (example  2)  and  array .2  (example  3) 
files.  The  files  are  identical  except  for  the  array  weight.  The  array.  1  file  has  three 
arrays  that  weigh  0.0001  lbs/ft  which  is  neutrally  buoyant  for  all  practical 
purposes.  The  array.2  file  has  three  arrays  that  weigh  0.200  lbs/ft  which  is 
equivalent  to  -1000  lbs  per  array  module.  This  weighted  array  only  requires  500 
lbs  of  buoyancy  per  module  while  the  neutrally  buoyant  example  requires  1500  lbs 
of  buoyancy  per  module.  Both  problems  use  the  current  profile  which  is  presented 
in  figure  3.  The  initial  tensions  are  also  identical  in  both  problems  which  means 
that  any  changes  are  due  solely  to  gravity. 

The  difference  between  the  two  files  in  the  no  current  situation  is  best 
represented  by  the  tensions  at  the  interface  between  the  arrays  and  FLIP.  These 
tensions  for  array.  1  are  between  652  lbs  and  679  lbs  per  array.  These  tensions  for 
array.2  are  between  3,779  lbs  and  3,809  lbs  per  array.  So  the  difference  between 
the  two  files  in  the  no  current  situation  is  that  of  about  3,120  lbs.  This  is  the  tension 
in  each  array  leg  at  the  angle  that  the  array  connects  to  FLIP  and  is  due  solely  to 
gravity  acting  on  the  weighted  array.  The  tension  at  the  array  anchors  in  the  no 
current  situation  with  the  neutrally  buoyant  arrays  is  between  461  lbs  and  483  lbs. 
The  tension  at  the  array  anchors  of  the  weighted  arrays  is  between  1,681  lbs  and 
1,714  lbs.  This  is  the  tension  at  the  angle  that  the  array  makes  with  the  sea  floor. 
The  difference  due  to  gravity  is  about  1,230  lbs  at  the  anchor.  The  excursion  of 
FLIP  in  each  example  is  about  25  ft  with  no  current.  There  is  about  a  1  ft  decrease 
with  the  weighted  array,  and  FLIP'S  stem  is  tilted  towards  zero.  This  means  that 
the  discrepancy  that  causes  the  excursion  must  be  due  to  poor  mooring  line 
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geometry.  The  arrays  are  trying  to  correct  for  this.  The  same  model  without  any 
arrays  would  probably  have  an  even  greater  excursion  in  the  no  current  situation. 

The  array  that  is  bruiting  the  force  of  the  current  is  array  Beta.  The  reason 
that  it  is  taking  the  most  strain  is  that  it  is  directly  upstream.  In  array.  1,  it  has  a 
tension  of  1,022  lbs  at  the  FLIP  interface.  When  the  array  is  weighted  (array .2), 
the  tension  in  this  array  leg  is  increased  by  3,087  lbs  to  4,109  lbs.  The  other  two 
array  legs  in  the  neutrally  buoyant  example  have  tensions  of  681  lbs  each  at  the 
FLIP  interface.  These  arrays,  in  the  weighted  example,  have  tensions  of  3,637  lbs 
at  this  interface, which  is  2,956  lbs  greater.  The  excursion  of  FLIP’S  water  line  in 
array.  1  and  array.2  is  276  ft.  The  excursion  of  FLIP'S  stem  in  array.  1  is  298  ft 
because  the  drag  on  the  downstream  arrays  makes  the  stem,  where  they  are 
attached,  move  in  the  direction  of  the  current  beyond  where  the  mooring  lines  are 
holding  her.  The  same  thing  happens  in  the  weighted  array  example.  The 
excursion  of  FLIP'S  stem  is  290  ft  here  however,  because  the  weight  in  the  arrays 
makes  them  less  influenced  by  the  current. 

The  graphs  that  are  included  with  each  output  file  show  the  array  legs  in  both 
the  no  current,  and  the  current  situations.  The  neutrally  buoyant  arrays  in  the  no 
current  scenario  are  straight  lines  between  FLIP  and  the  7,500  ft  of  2  in  1  nylon  that 
connects  the  arrays  to  their  anchors.  This  makes  sense  because  there  is  no  sag  due  to 
gravity.  The  weighted  arrays  in  the  no  current  situation  do  have  sag.  The  graphs 
are  orthogonal  projections  of  the  legs,  and  that  is  why  they  are  identical  for  the  no 
current  situation.  They  are  not  actually  equal  because  of  the  incorrect  symmetry  in 
the  mooring  legs,  but  the  discrepancy  would  not  show  up  on  these  graphs,  so  only 
one  graph  per  file  is  included  in  the  no  current  situation.  When  the  current  is 
introduced  the  upstream  array  leg  in  array.  1  straightens  out  some  and  pulls  the 
intersection  between  the  nylon  and  the  array  to  a  higher  altitude.  The  other  two 
legs  in  this  example  gain  some  slack  because  they  are  down  stream  and  they  bow 
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with  the  current.  The  intersection  between  the  nylon  and  the  array  in  these  legs  also 
gains  some  altitude,  but  for  different  reasons  than  the  upstream  leg.  The 
downstream  joints  are  pushed  up  because  the  current  pushes  up  on  the  array  legs, 
while  the  upstream  joint  is  pulled  up  by  the  entire  system  pulling  horizontally  on  it. 

The  graph  of  the  array  legs  in  the  no  current  situation  of  the  weighted 
example  (array.2)  have  an  exaggerated  sag  due  to  gravity.  This  catenary  is  deeper 
than  the  catenary  of  the  mooring  lines  because  the  arrays  now  weigh  more  than  the 
mooring  lines.  The  mooring  lines  weigh  0.1068  lbs/ft,  and  in  this  case  the  arrays 
weigh  0.200  lbs/ft.  The  only  reason  that  the  arrays  are  not  the  principle  component 
keeping  FLIP  in  place  is  that  the  mooring  lines  have  a  stronger  initial  tension,  that  is 
to  say  that  they  are  made  tighter  than  the  arrays  in  the  no  current  situation.  This  is 
something  that  can  be  done  on  board  FLIP  at  the  FLIP/mooring  line  interface.  The 
upstream  weighted  array  leg  (Beta)  has  less  of  a  catenary  than  it  did  in  the  no 
current  situation  because  it  is  being  straightened  out  by  the  pulling  of  the  current  on 
the  whole  system.  The  other  two  array  legs  in  this  example  have  a  deeper  catenary 
than  they  did  in  the  no  current  situation  because  they  have  some  slack,  but  do  not 
bow  out.  This  is  because  the  force  of  gravity  outweighs  the  drag  caused  by  the 
current  in  this  scenario.  The  differences  in  these  graphs  illustrates  what  the 
numbers  in  the  array.  1  and  array.2  output  files  are  saying.  Arrays  that  have  weight 
(are  negatively  buoyant)  have  much  more  tension  in  their  legs,  but  they  are  also 
much  more  stable.  If  they  have  weight  they  will  not  get  "blown"  around  as  much  by 
the  current,  therefor  it  is  advisable  to  have  them  weighted  for  a  stable  working 
platform. 

The  operating  parameters  for  the  array  state  that  it  can  withstand  a  working 
load  of  4,000  lbs.  When  the  arrays  are  neutrally  buoyant,  the  loads  fall  way  short 
of  this  parameter,  but  are  not  stable.  When  the  array  weighs  0.200  lbs/ft,  which  is 
equivalent  to  having  500  lbs  buoyancy  per  array  module,  the  loads  are  right  at 
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4,000  lbs.  These  loads  are  assuming  the  current  performs  as  the  profile  predicts, 
should  the  current  pick  up,  the  loads  in  these  0.200  lbs/ft  arrays  will  quickly  rise 
above  the  4,000  lbs  mark.  To  keep  within  the  safety  region,  a  buoyancy  between 
500  lbs  to  750  lbs  per  module  should  be  employed.  It  must  be  kept  in  mind 
however,  that  with  every  pound  of  buoyancy  that  is  gained,  some  stability  is  lost. 
As  the  time  for  deployment  approaches,  and  more  of  the  operating  parameters  are 
learned,  some  Seadyn  models  should  be  run  to  help  decide  what  amount  of 
buoyancy  to  use.  It  is  easy  enough  to  manipulate  these  input  files  to  accommodate 
differently  weighted  arrays.  The  only  input  cards  that  need  to  be  changed  are  the 
NGEN  and  the  MATE  cards.  The  big  question  at  hand  is  the  depth.  The  deeper  the 
deployment,  the  more  modules  needed,  and  therefor  more  drag  and  weight  will  be 
encountered.  Any  deeper  than  this  depth  of  12,000  ft  and  the  0.200  Ibs/ft  arrays 
will  weigh  too  much.  They  will  exceed  the  4,000  lbs  work  load  parameter.  It  is 
therefor  safe  to  say  that  the  operating  depth  of  the  0.200  lbs/ft  arrays  is  12,000  ft. 
There  is  a  later  example  in  15,000  ft  of  water  where  the  arrays  weigh  0.200  lbs/ft 
and  weigh  far  too  much.  A  0.150  lbs/ft  weight,  which  is  equivalent  to  -750  lbs  per 
1 ,500  meter  (5,000  ft  approx.)  module,  would  probably  work  well.  This  means 
that  each  module  would  have  750  lbs  of  buoyancy.  This  problem  is  an  example  of 
what  the  array  parameters  would  have  to  be  to  accommodate  a  15,000  ft  depth.  All 
of  the  data  is  in  example  four  and  should  be  used  as  a  guide  for  manipulating  input 
files  to  handle  deeper  problems. 
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Test  case  with  the  array.  $ 

*  correct  current  profile  installed. 

*  current  in  -  x  direction 

*  array  weight  is  .2  lb/ft 

* 

★ 

PROB 

104,103,-3,-1 

FLUID 

,1 


NODE 

1, ,-21250,0,-15000,3,3,3 

★ 

Nodes  as  in  ntbk 

2, ,-10900,18879,-15000,3,3,3 

★ 

ALPHA  array 

3, ,10625,18403,-15000,3,3,3 

* 

B  line  anchor 

4, ,21800,0,-15000,3,3,3 

★ 

BETA  array 

5, ,10625,-18403,-15000,3,3,3 

* 

C  line  anchor 

6, ,-10900,-18879,-15000,3,3,3 

* 

GAMMA  array 

7, ,-20850,0,-15000 

★ 

end  of  A  chain 

9, ,10425,18057,-15000 

★ 

end  of  B  chain 

11, ,10425,-18057,-15000 

* 

end  of  C  chain 

103 , ,0,0, 0,0, 0,3 

★ 

FLIP  waterline 

104, ,0,0,-300,0,0,0 

NGEN 

★ 

FLIP  stern 

15,7,103,6,0,13,1, .1068,5000 

★ 

line  A 

16,2,104,6,0,8,1, .1068,2300 
11,32,104,6,0,38,1, .2,2300 

* 

array  ALPHA 

15,9,103,6,0,15,1, .1068,5000 

★ 

line  B 

16,4,104,6,0,10,1, .1068,2300 
11,34,104,6,0,40,1, .2,2300 

* 

array  BETA 

15,11,103,6,0,17,1, .1068,5000 

★ 

line  C 

16,6,104,6,0,12,1, .1068,2300 

11,36,104,6,0,42,1,-2,2300 

LIMIT 

★ 

array  GAMMA 

1,-15000, , ,1 
LLOC 


1,7,30,1 
I  ELEM 

1 . 1 . 7 . .  4 . 0  *  chain 

2. 2. 8 . .  5. 0 

3 . 3 . 9 . .  4 . 0  *  chain 
j  4,4,10, ,5,0,0 

5.5.11. . 4.0.0  *  chain 

6.6.12. . 5.0.0 

7.7.13. . 1.0.0 

:  8,8,14, ,5,0,0 

9.9.15. . 1.0.0 

10.10.16. . 5.0.0 

11.11.17. . 1.0.0 

12.12.18. . 5.0.0 

13.13.19. . 1.0.0 

14.14.20. . 5.0.0 
j  15,15,21, ,1,0,0 

16.16.22. . 5.0.0 

17.17.23. . 1.0.0 

j  18,18,24, ,5,0,0 
1  19,19,25, ,1,0,0 

20.20.26. . 5.0.0 

,  21,21,27, ,1,0,0 

j  22,22,28, ,5,0,0 

23.23.29. . 1.0.0 


array . 3 . in 


— 104  nodes 
103  elements 


1-2-3  anchors. 


— new  anchor  points 


_ array  weight  is 

0.2  lbs/ft  in  NGEN 


new  depth 
-15,000  ft 
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24.24.30. . 5.0.0 

25.25.31. . 1.0.0 

26.26.32. . 5.0.0 

27.27.33. . 1.0.0 

28.28.34. . 5.0.0 

29.29.35. . 1.0.0 

30.30.36. . 5.0.0 

31.31.37. . 1.0.0 

32.32.38. . 2.0.0 

33.33.39. . 1.0.0 

34.34.40. . 2.0.0 

35.35.41. . 1.0.0 

36.36.42. . 2.0.0 

37.37.43. . 1.0.0 

38.38.44. . 2.0.0 

39.39.45. . 1.0.0 

40.40.46. . 2.0.0 

41.41.47. . 1.0.0 

42.42.48. . 2.0.0 

43.43.49. . 1.0.0 

44.44.50. . 2.0.0 

45.45.51. . 1.0.0 

46.46.52. . 2.0.0 

47.47.53. . 1.0.0 

48.48.54. . 2.0.0 

49.49.55. . 1.0.0 

50.50.56. . 2.0.0 

51.51.57. . 1.0.0 

52.52.58. . 2.0.0 

53.53.59. . 1.0.0 

54.54.60. . 2.0.0 

55.55.61. . 1.0.0 

56.56.62. . 2.0.0 

57.57.63. . 1.0.0 

58.58.64. . 2.0.0 

59.59.65. . 1.0.0 

60.60.66. . 2.0.0 

61.61.67. . 1.0.0 

62.62.68. . 2.0.0 

63.63.69. . 1.0.0 

64.64.70. . 2.0.0 

65.65.71. . 1.0.0 

66.66.72. . 2.0.0 

67.67.73. . 1.0.0 

68.68.74. . 2.0.0 

69.69.75. . 1.0.0 

70.70.76. . 2.0.0 

71.71.77. . 1.0.0 

72.72.78. . 2.0.0 

73.73.79. . 1.0.0 

74.74.80. . 2.0.0 

75.75.81. . 1.0.0 

76.76.82. . 2.0.0 

77.77.83. . 1.0.0 

78.78.84. . 2.0.0 

79.79.85. . 1.0.0 

80.80.86. . 2.0.0 

81.81.87. . 1.0.0 

82.82.88. . 2.0.0 

83,83,89, ,1,0,0 
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84.84.90. . 2.0.0 

85.85.91. . 1.0.0 

86.86.92. . 2.0.0 

87.87.93. . 1.0.0 

88.88.94. . 2.0.0 

89.89.95. . 1.0.0 

90.90.96. . 2.0.0 

91.91.97. . 1.0.0 

92.92.98. . 2.0.0 

93.93.99. . 1.0.0 

94.94.100. . 2.0.0 

95.95.101. . 1.0.0 

96.96.102. . 2.0.0 

97.97.103. . 1.0.0 

98.98.104. . 2.0.0 

99.99.103. . 1.0.0 

100.100.104. . 2.0.0 

101.101.103. . 1.0.0 

102.102.104. . 2.0.0 

103.103.104. . 3.0.0 
TENS 

1.97.6.1 

2.98.6.2 

3.99.6.3 

4.100.6.4 

5.101.6.5 

6.102.6.6 
103,103,0, ,1000 
MATE 

1. .  .125. .1068W9, 2000000,1 

2 . .  . 125 . . 2W9 , 200000000 , 1 

3 . .  17 . 4 . 110W9 , 1000000000 , 1 

4 . .  . 125 . 50W9 , 1000000000 , 1 

5. .  .125. .1068W9, 2000000,1 
FLOW 

1, 2, -12000, -.338, 0,0, -500,- 

DEAD 

LIVE 

CURR, 1,1,0 

END 


*  line 

*  array 

*  FLIP 

*  chain 

*  hawser 


338,0,0,0,-1.688,0,0 


- FLIP  element  103 


i 


I 
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feet 


xlO4  Plan  View  Tri-moor  And  Arrays,  No  Current 


feet  xlO4 


Figure  8a 
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15,11,103,6,0,17,1,-1068,5000  *  line  C 

16,6,104,6,0,12,1,-1068,2300  *  array  GAMMA 

11,36,104,6,0,42,1,-2,2300 
LIMIT 
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Example  Four 

array. 3.in 
.out 

15,000  ft  Depth,  Weighted  Arrays 

This  is  a  description  of  array.3.in  and  array .3.out,  the  input  and  output  files 
of  a  Seadyn  run  in  15,000  ft  of  water  with  weighted  arrays.  With  the  increase  in 
depth,  the  mooring  lines  and  arrays  have  become  longer,  and  the  excursions  of  their 
anchors  have  become  greater.  The  excursion  to  depth  ratio  is  the  same  as  it  is  in  the 
second  and  third  examples.  This  means  that  the  mooring  lines  and  arrays  will  have 
the  same  shape,  this  trial  will  just  have  longer  legs.  The  weights  increase  with  the 
increase  in  length,  as  do  the  tensions  in  each  leg. 

Input  File  (array. 3. in): 

The  anchor  coordinates  are  different,  but  the  ratio  of  these  coordinates  to  the 
coordinates  of  array. 2  (or  array.  1)  is  the  same  as  the  ratio  of  the  new  depth  to  the 
old  one.  This  means  that  the  shapes  of  the  mooring  lines  and  arrays  are  the  same  as 
they  are  in  array  .2.  The  added  length  adds  weight  to  each  leg,  and  to  make  the 
horizontal  component  of  the  tension  what  it  should  be,  the  initial  catenary 
horizontal  tension  in  the  NGEN  card  must  be  increased.  In  this  case  it  was 
increased  from  1,300  lbs  in  array .2  to  2,300  lbs  in  array .3.  The  length  of  the  line 
that  connects  the  array  to  the  anchor  is  still  about  7,500  ft. 

Output  File  (array .3.out): 

This  is  the  same  shortened  form  as  is  in  array.  1  and  array. 2.  The  tensions  at 
the  interface  between  FLIP  and  the  mooring  lines,  or  arrays,  is  greater  than  the  one 
in  array.2.  This  is  because  the  added  length  adds  weight  to  each  leg  and  that 
increases  the  vertical  component  of  the  tension.  FLIP'S  excursion  is  about  the  same 
because  the  mooring  legs  have  had  their  tensions  increased  proportionally  to  the 
depth  ratio.  This  allows  for  only  a  slight  increase  in  FLIP’S  mobility. 
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12,000  ft  Depth,  Weighted  Array 
vs. 

15,000  ft  Depth,  Weighted  Array 

This  is  a  comparison  of  the  array  .2  (example  3)  and  array  .3  (example  4) 
files.  The  depth  has  been  increased  by  3,000  ft  to  15,000  ft  in  the  array.3  file.  Most 
of  the  input  parameters  are  the  same,  but  the  ones  that  are  dependent  on  the  depth 
have  been  corrected  to  handle  the  15,000  ft  system.  The  changes  in  the  input  start 
with  the  addition  of  three  nodes  per  leg.  Adding  these  nodes  allows  the  element 
length  to  remain  approximately  the  same  as  it  is  in  array.2.  This  makes  for  a  PROB 
card  with  104  nodes  and  103  elements,  as  opposed  to  die  86  nodes  and  85  elements 
in  array.2.  The  anchor  coordinates  in  the  NODE  card  are  altered  to  be 
proportionally  the  same  as  they  are  in  the  array.2  NODE  card.  The  mooring  line 
anchor  excursion  has  been  increased  to  21,250  ft  per  leg,  and  the  array  anchor 
excursion  has  been  increased  to  21,800  ft  per  leg.  This  is  up  from  17,000  ft  per 
mooring  line  leg,  and  17,439  ft  in  the  array  legs.  FLIP  is  now  described  by  nodes 
103  and  104. 

The  NGEN  card  has  been  altered  the  most.  There  must  now  be  15  nodes 
generated  per  mooring  line  leg,  as  opposed  to  12  in  array.2  There  also  must  be  16 
nodes  generated  in  the  array  legs,  as  opposed  to  13  in  array.2.  The  starting  node 
for  each  generation  is  the  same  as  it  is  in  array.2,  but  the  ending  nodes  are  now  103 
for  the  mooring  lines,  and  104  for  the  arrays.  The  first  nodes  generated  are  the 
same  because  the  element  lengths  are  the  same  as  they  are  in  array.2.  So  to  have  the 
7,500  ft  leader  in  the  arrays,  the  same  number  of  elements  must  be  employed.  This 
is  why  the  extra  nodes  and  elements  were  introduced  in  this  example.  The  weights 
are  the  same  as  they  are  in  array.2,  but  the  last  word  in  each  line  of  this,  the  NGEN 
card,  is  different  These  numbers  are  the  initial  horizontal  tensions  in  the  legs  that 
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are  used  to  calculate  the  catenary  that  the  mooring  lines  and  arrays  produce.  The 
mooring  lines  have  increased  to  5,000  lbs  from  4,000  lbs  which  is  proportional  to 
the  depth  ratio,  but  the  arrays  have  increased  from  1,300  lbs  to  2,300  lbs  which  is 
not  proportional  at  all.  The  reason  for  this  disproportional  increase  is  that  the  three 
new  elements  in  each  array  are  made  of  0.200  lbs/ft  material  which  throws  the  ratio 
of  0.1068  lbs/ft  to  0.200  lbs/ft  material  off  from  what  it  is  in  array. 2.  This  helps  to 
explain  the  large  jump.  The  method  used  to  find  these  numbers  is  the  good  old  keep 
changing  things  until  the  answers  start  falling  into  place  method.  With  the  added 
weight,  the  new  vertical  component  of  the  tension  can  be  calculated,  and  from  this, 
the  tension  at  the  FLIP/leg  interface  can  be  found.  From  this  known  data,  different 
input  trials  are  used  to  come  up  with  the  correct  output  in  a  no  current  situation. 
Trial  and  error  is  the  key  to  Seadyn  manipulation. 

The  tensions  at  the  FLIP/array  interface  are  between  5,586  lbs  and  5,650  lbs 
per  array  leg.  This  is  up  from  3,779  lbs  and  3,809  lbs  per  array  leg  and  is  due  to  the 
added  weight  from  the  new  length  of  the  arrays.  When  the  current  is  introduced, 
these  tensions  change  tho  5,383  lbs  in  the  Alpha  and  Gamma  array  legs,  and  6,148 
lbs  in  the  Beta  array  leg.  This  is  up  from  3,637  lbs  in  the  Alpha  and  Gamma  legs, 
and  4,109  lbs  in  the  Beta  array  leg.  All  of  these  new  tensions  are  above  5,000  lbs, 
and  the  operating  parameters  of  the  array  state  that  the  tensions  in  each  array  leg 
can  not  exceed  a  4,000  lbs  working  load.  Even  the  no  current  situation  with  this 
weight  of  array  in  15,000  ft  of  water  surpasses  this  parameter.  The  conclusion  to 
make  from  this  is  that  if  the  arrays  are  to  be  deployed  in  15,000  ft  of  water,  they 
will  have  to  weigh  less. 

Several  different  array  weights,  such  as  0.150  lbs  /fit  and  0.125  lbs/ft,  must  be 
chosen  in  order  to  start  working  on  finding  the  correct  array  weight.  Then  a  trial 
run  with  the  present  horizontal  tensions  in  the  NGEN  card  should  be  run.  From 
this  trial  run,  an  approximate  length  of  the  arrays  and  their  approximate  angle  at 
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the  FLIP/array  interface  can  be  obtained.  Then  roughly  calculate  their  total  weight 
by  multiplying  this  new  weight  by  the  approximate  length  of  the  array.  Do  not 
forget  the  7,500  ft  of  0.1068  lbs/ft  line  that  connects  the  array  to  its  anchor.  The 
total  weight  is  equal  to  the  vertical  component  of  the  tension  at  the  FLIP/array 
interface.  With  this  component  and  the  angle  known,  the  approximate  tension  at  the 
interface  in  a  no  current  situation  is  known.  The  procedure  is  to  then  manipulate 
the  horizontal  component  of  the  tension  at  the  bottom  of  the  catenary  in  the  NGEN 
card.  This  value  is  the  last  word  in  each  line  of  the  NGEN  card. 

FLIP’S  water  line  excursions  are  29  ft  in  the  negative  "x"  direction  with  no 
current,  and  282  ft  in  the  negative  "x"  direction  with  the  current.  Her  stem 
excursions  are  28  ft  in  the  negative  "x”  direction  with  no  current,  and  292  ft  with 
the  current.  Her  total  water  line  excursion  in  15,000  ft  of  water  is  254  ft  and  her 
total  stem  excursion  is  264  ft .  These  excursions  did  not  increase  with  the  depth 
because  the  mooring  lines  were  tightened  proportionally  to  the  new  depth.  This, 
along  with  the  added  horizontal  tensions  in  each  array  leg,  keeps  the  system  at  the 
surface  more  less  the  way  it  is  in  the  array .2  example.  The  only  significant 
difference  at  FLIP  is  the  increased  tensions.  This  model  has  shown  that  this  weight 
in  this  depth  will  not  work.  Some  trials  will  have  to  be  run  with  lighter  arrays  to 
find  what  the  correct  weight  is  for  this  problem. 
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